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Abstract	  
	  
Is	  it	  a	  Hispanic	  Paradox?	  
Examining	  the	  effect	  of	  individual	  and	  neighborhood	  factors	  on	  birth	  outcomes.	  
	  
María	  Carina	  Baquero	  
	  
The	  Hispanic	  birthweight	  paradox,	  whereby	  Hispanic	  women	  exhibit	  a	  comparable	  or	  lower	  risk	  
of	  bearing	  a	  low	  birthweight	  infant	  than	  their	  white	  counterparts	  despite	  relative	  
socioeconomic	  disadvantage,	  has	  been	  observed	  across	  a	  number	  of	  research	  studies.	  	  
However,	  the	  majority	  of	  evidence	  for	  the	  paradox	  has	  focused	  on	  Hispanics	  in	  aggregate	  form	  
or	  on	  populations	  with	  primarily	  Mexican	  ancestry	  and	  has	  relied	  largely	  on	  outcome	  measures	  
with	  important	  methodological	  shortcomings.	  	  Furthermore,	  studies	  have	  identified	  the	  
variation	  of	  birthweight	  risk	  among	  Hispanics	  by	  nativity,	  maternal	  education	  and	  
neighborhood	  composition,	  but	  the	  evidence	  has	  been	  scarce	  and	  inconsistent.	  
	  
The	  overall	  goal	  of	  this	  dissertation	  was	  to	  investigate	  the	  Hispanic	  health	  paradox	  with	  relation	  
to	  measures	  of	  birthweight	  and	  infant	  size	  in	  births	  to	  women	  residing	  in	  New	  York	  City	  aged	  20	  
years	  and	  older,	  using	  birth	  records	  for	  years	  2003	  through	  2007	  collected	  by	  the	  Office	  of	  Vital	  
Statistics	  of	  the	  New	  York	  City	  Department	  of	  Health	  and	  Mental	  Hygiene	  (N=460,881).	  	  The	  
main	  outcomes	  of	  interest	  in	  this	  study	  were	  mean	  birthweight,	  low	  birthweight	  (LBW,	  defined	  
as	  <	  2500	  grams	  versus	  ≥	  2500	  grams)	  and	  small	  for	  gestational	  age	  (SGA,	  calculated	  as	  the	  10th	  
percentile	  for	  birthweight	  at	  each	  week	  of	  gestational	  age	  and	  by	  sex).	  	  Multilevel	  logistic	  
models	  with	  random	  effects	  were	  used	  to	  estimate	  odds	  ratios	  for	  the	  association	  between	  
race/ethnicity	  and	  measures	  of	  birthweight	  and	  infant	  size,	  while	  controlling	  for	  individual-­‐level	  
and	  contextual	  factors	  and	  accounting	  for	  the	  correlation	  between	  observations	  within	  the	  
same	  neighborhood.	  	  Analyses	  were	  conducted	  with	  Hispanics	  as	  an	  aggregate	  group	  as	  well	  as	  
with	  race/ethnic-­‐nativity	  subgroups.	  	  In	  addition,	  effect	  measure	  modification	  by	  maternal	  
education	  and	  by	  neighborhood	  proportion	  of	  Hispanic	  population	  (NPHP)	  were	  examined.	  
	  
This	  research	  confirmed	  the	  Hispanic	  paradox	  in	  SGA	  analyses	  for	  Hispanics	  overall	  and	  for	  both	  
U.S.-­‐born	  and	  foreign-­‐born	  Hispanics,	  but	  not	  in	  analyses	  with	  LBW	  or	  with	  mean	  birthweight.	  	  
As	  compared	  to	  white	  women,	  black	  women	  exhibited	  50%	  greater	  risk	  
(OR:1.50;95%CI:1.45,1.55)	  and	  Hispanic	  women	  comparable	  risk	  (OR:1.03;95%CI:1.00,1.06)	  of	  
having	  an	  SGA	  infant,	  in	  a	  fully	  adjusted	  model.	  	  With	  regard	  to	  LBW,	  the	  risk	  was	  more	  than	  
double	  for	  black	  women	  (OR:2.25;95%CI:2.16,2.35)	  and	  close	  to	  50%	  greater	  for	  Hispanic	  
women	  (OR:1.46;95%CI:1.40,1.53)	  as	  compared	  to	  that	  of	  their	  white	  counterparts.	  	  In	  addition,	  
the	  mean	  birthweight	  of	  infants	  born	  to	  Hispanic	  women	  was	  significantly	  lower	  compared	  to	  
those	  born	  to	  white	  women.	  	  Furthermore,	  the	  relationship	  between	  race/ethnicity	  and	  all	  
three	  measures	  of	  birthweight	  and	  infant	  size	  varied	  by	  maternal	  nativity	  status	  (p	  <0.0001),	  
with	  infants	  of	  foreign-­‐born	  women	  experiencing	  more	  favorable	  outcomes	  relative	  to	  their	  
U.S.-­‐born	  counterparts.	  	  	  	  
	  
The	  paradox	  with	  SGA	  was	  also	  apparent	  across	  most	  Hispanic	  race/ethnicity-­‐nativity	  
subgroups,	  	  The	  odds	  were	  greatest	  among	  black	  and	  Puerto	  Rican	  women	  overall	  
(OR:1.52;95%CI:1.47,1.57	  and	  OR:1.17;95%CI:1.13,1.22,	  respectively)	  and	  lowest	  among	  
Mexican	  and	  South	  American	  women	  overall	  (OR:0.91;95%CI:0.87,0.95	  and	  
OR:0.85;95%CI:0.80,0.89),	  as	  compared	  to	  white	  women	  in	  a	  fully	  adjusted	  model.	  The	  odds	  of	  
SGA	  for	  infants	  born	  to	  Dominicans,	  Central	  Americans	  and	  Cubans	  in	  the	  fully	  adjusted	  model	  
were	  similar	  to	  those	  born	  to	  whites.	  	  In	  addition,	  SGA	  varied	  by	  maternal	  nativity	  status	  (p	  
<0.0001),	  with	  more	  favorable	  SGA	  odds	  observed	  among	  infants	  of	  most	  foreign-­‐born	  women,	  
as	  compared	  to	  whites.	  	  The	  exception	  was	  U.S.–born	  Puerto	  Ricans	  who	  consistently	  exhibited	  
elevated	  risk	  of	  SGA	  relative	  to	  whites.	  
	  
The	  association	  of	  race/ethnicity-­‐nativity	  with	  SGA	  varied	  by	  maternal	  educational	  attainment	  
(p	  <0.0001),	  but	  the	  influence	  varied	  by	  subgroup.	  	  The	  observed	  advantage	  of	  foreign	  birth	  was	  
stronger	  among	  less	  educated	  women	  of	  all	  Hispanic	  subgroups	  other	  than	  Puerto	  Ricans	  and	  
Cubans.	  	  Similarly,	  the	  variation	  of	  SGA	  risk	  by	  neighborhood	  proportion	  of	  Hispanic	  population	  
(NPHP)	  differed	  across	  subgroups	  (p	  <0.0001).	  	  NPHP	  did	  not	  appear	  to	  influence	  the	  
association	  between	  race/ethnicity-­‐nativity	  and	  SGA	  in	  a	  consistent	  pattern,	  but	  among	  black	  
women	  and	  US-­‐born	  Puerto	  Rican	  women	  greater	  NPHP	  was	  associated	  with	  a	  higher	  risk	  of	  
SGA.	  
	  
Findings	  from	  this	  study	  underscore	  the	  importance	  of	  using	  SGA	  as	  an	  accurate	  measure	  of	  
infant	  size	  and	  of	  conducting	  analyses	  disaggregating	  race/ethnicity	  and	  nativity	  subgroups.	  	  	  
Future	  research	  should	  focus	  on	  factors	  that	  contribute	  to	  the	  resilience	  of	  Hispanic	  subgroups	  
in	  the	  face	  of	  adverse	  economic	  circumstances,	  such	  as	  the	  role	  of	  social	  support	  networks	  and	  
acculturation.	  	  Greater	  understanding	  of	  the	  salubrious	  circumstances	  that	  lower	  the	  risk	  of	  
adverse	  birth	  outcomes	  has	  major	  public	  health	  benefits,	  especially	  for	  a	  wide-­‐ranging	  
population	  of	  mothers,	  Hispanic	  and	  non-­‐Hispanic,	  and	  their	  infants.	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Background	  
Over	  the	  past	  40	  years,	  several	  studies	  examining	  the	  health	  of	  the	  Hispanic	  population	  in	  the	  
United	  States	  (U.S.)	  have	  suggested	  an	  “epidemiologic	  paradox”1-­‐15.	  	  This	  term	  is	  used	  to	  
describe	  a	  population	  living	  in	  adverse	  socioeconomic	  circumstances	  normally	  associated	  with	  
poor	  health,	  but	  which	  manifests	  health	  outcomes	  equal	  or	  better	  than	  those	  of	  populations	  
living	  in	  more	  favorable	  conditions1.	  	  Despite	  possessing	  a	  socioeconomic	  profile	  similar	  to	  that	  
of	  African	  Americans	  or	  non-­‐Hispanic	  blacks	  (Table	  1.1),	  the	  health	  outcomes	  of	  Hispanics	  are	  
often	  comparable	  to	  or	  more	  favorable	  than	  those	  of	  non-­‐Hispanic	  whites,	  who	  are	  at	  a	  greater	  
socioeconomic	  advantage.	  	  Throughout	  this	  document,	  non-­‐Hispanic	  black	  and	  non-­‐Hispanic	  
white	  may	  be	  referred	  to	  as	  black	  or	  African	  American	  and	  white,	  respectively.	  
	  
The	  low	  rate	  of	  infant	  mortality	  among	  Hispanics	  was	  first	  identified	  among	  the	  predominantly	  
Mexican	  population	  of	  the	  southwestern	  United	  States	  and	  coined	  the	  “Hispanic	  paradox”1,16.	  	  
This	  health	  advantage	  was	  observed	  for	  adult	  all-­‐cause	  mortality	  as	  well	  2,14,15,17-­‐24.	  	  Research	  
into	  infant	  mortality	  not	  only	  underscored	  the	  advantage	  among	  Hispanics	  3,25-­‐28,	  but	  also	  
highlighted	  variations	  across	  different	  Hispanic	  subgroups29-­‐32.	  	  Studies	  focusing	  on	  mothers	  of	  
Mexican	  ancestry	  and/or	  on	  women	  from	  several	  Hispanic	  subgroups	  consistently	  found	  that	  as	  
compared	  to	  whites,	  infants	  born	  to	  Mexicans	  and	  Central/South	  Americans	  experience	  equal	  
or	  lower	  mortality,	  while	  infants	  born	  to	  Puerto	  Rican	  mothers	  demonstrate	  greater	  mortality	  
risk1,3,29,32.	  	  Moreover,	  this	  research	  suggested	  that	  infants	  of	  Hispanic	  foreign-­‐born	  mothers	  
exhibit	  greater	  advantage	  than	  those	  of	  Hispanic	  U.S.-­‐born	  mothers1,3,26.	  	  As	  observed	  in	  studies	  
on	  adult	  mortality,	  maternal	  education	  does	  not	  appear	  to	  exert	  influence	  on	  the	  risk	  of	  infant	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mortality	  among	  Hispanics25,27.	  	  Of	  note,	  the	  adult	  and	  infant	  mortality	  findings	  for	  Hispanics	  
contrast	  sharply	  with	  the	  elevated	  mortality	  rates	  reported	  across	  studies	  for	  African	  Americans	  
relative	  to	  whites3,25-­‐28.	  	  
	  
The	  key	  findings	  pertaining	  to	  adult	  and	  infant	  mortality	  are	  echoed	  in	  the	  literature	  on	  the	  
birthweight	  paradox,	  which	  suggests	  a	  similar	  Hispanic	  advantage	  in	  low	  birthweight	  (LBW,	  
defined	  as	  <	  2500	  grams	  (g.)	  versus	  ≥	  2500	  g.)	  and	  intrauterine	  growth	  restriction	  (IUGR,	  
calculated	  as	  the	  ratio	  of	  infants’	  observed	  birthweight	  by	  the	  mean	  birthweight	  for	  gestational	  
age	  of	  a	  sex-­‐specific	  fetal	  growth	  distribution).	  	  Analyses	  focusing	  predominantly	  on	  populations	  
of	  Mexican6,7,33	  or	  Puerto	  Rican	  ancestry7,	  or	  using	  a	  broad	  “Hispanic”	  or	  “Latino”	  category10	  
found	  that	  the	  risk	  of	  having	  a	  LBW	  or	  IUGR	  infant	  among	  	  Mexican	  women	  or	  among	  Hispanic	  
women	  overall	  is	  comparable	  or	  less	  than	  the	  risk	  experienced	  by	  their	  white	  counterparts.	  	  In	  
contrast,	  the	  risk	  for	  LBW6,7,10	  and	  IUGR33	  among	  Puerto	  Rican	  women	  is	  much	  higher	  as	  
compared	  to	  whites.	  	  	  
	  
Additional	  investigation	  on	  LBW	  among	  Hispanics	  revealed	  important	  heterogeneity	  in	  the	  
birthweight	  paradox.	  	  Early	  studies	  disaggregated	  Hispanics	  into	  four	  major	  subgroups	  -­‐	  
Central/South	  Americans,	  Cubans,	  Puerto	  Ricans	  and	  Mexican	  Americans	  –	  as	  well	  as	  on	  nativity	  
status4,7,11,12,32,34.	  	  Overall,	  these	  studies	  found	  infants	  born	  to	  Puerto	  Rican	  women	  at	  highest	  
risk4,7,11,12,32,	  and	  those	  born	  to	  Mexican	  women	  at	  the	  lowest	  or	  with	  similar	  risk	  of	  LBW4,7,12,	  as	  
compared	  to	  their	  white	  counterparts.	  	  However,	  this	  research	  also	  presented	  some	  
inconsistencies,	  such	  as	  findings	  that	  all	  Hispanic	  subgroups	  had	  greater	  risk32,	  or	  that	  all	  had	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similar	  risk11	  as	  compared	  to	  whites.	  	  While	  some	  analyses	  found	  that	  within	  each	  Hispanic	  
subgroup	  infants	  of	  	  foreign-­‐born	  women	  generally	  exhibited	  less	  LBW	  risk	  relative	  to	  those	  of	  
U.S.-­‐born	  women11,12,32,	  others	  concluded	  that	  the	  protective	  effect	  of	  maternal	  foreign	  birth	  
was	  significant	  only	  for	  infants	  of	  women	  of	  Mexican7,34	  and	  South/Central	  American	  ancestry34,	  
as	  compared	  to	  white	  women7	  and	  U.S.-­‐born	  counterparts34,	  respectively.	  	  
	  
More	  recently,	  research	  on	  birth	  outcomes	  focusing	  on	  the	  population	  of	  New	  York	  City	  (NYC)	  
capitalized	  on	  the	  sizeable	  and	  diverse	  Hispanic	  population	  to	  conduct	  subgroup	  analyses	  based	  
on	  ancestry	  and	  nativity	  35-­‐37.	  	  These	  studies	  differed	  considerably	  with	  regard	  to	  sample	  size,	  
comparison	  group	  and	  outcome	  measure,	  so	  it	  is	  not	  unusual	  that	  while	  they	  all	  identified	  
variation	  of	  risk	  across	  subgroups,	  they	  reported	  different	  patterns	  of	  said	  variation35-­‐37.	  One	  of	  
these	  studies	  focused	  on	  small-­‐for-­‐gestational-­‐age	  (SGA)	  as	  the	  outcome	  of	  interest,	  defined	  as	  
infants	  below	  the	  10th	  percentile	  of	  birthweight	  for	  gestational	  age	  and	  sex,	  as	  a	  consequence	  
of	  intrauterine	  growth	  restriction	  (IUGR)35.	  	  A	  notable	  aspect	  of	  the	  NYC-­‐based	  studies	  is	  that	  
those	  examining	  LBW	  found	  evidence	  for	  the	  Hispanic	  birthweight	  paradox	  as	  well	  as	  for	  the	  
protective	  effect	  of	  foreign	  birth	  among	  subgroups36,37,	  while	  analyses	  by	  Stein	  et	  al.	  focusing	  
on	  SGA	  observed	  excess	  risk	  across	  almost	  all	  Hispanic	  subgroups	  and	  did	  not	  disaggregate	  by	  
nativity	  status,	  but	  rather	  controlled	  for	  it	  as	  a	  potential	  confounder35.	  	  	  
	  
The	  extant	  literature	  has	  raised	  two	  important	  methodological	  issues.	  	  First	  is	  the	  question	  of	  
outcome	  measures	  of	  birthweight	  and	  infant	  size.	  	  Past	  studies	  have	  almost	  unanimously	  relied	  
on	  the	  conventional	  measure	  LBW,	  despite	  important	  deficiencies	  from	  a	  conceptual	  and	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clinical	  perspective38.	  	  Small	  infants	  may	  result	  from	  both	  preterm	  and	  term	  births,	  but	  the	  
etiologic	  factors	  contributing	  to	  their	  weight	  are	  very	  different:	  in	  preterm	  births,	  fetal	  growth	  
is	  often	  not	  completed	  simply	  because	  gestation	  does	  not	  reach	  term,	  while	  small	  infants	  born	  
after	  completing	  the	  full	  gestational	  period	  are	  thought	  to	  have	  experienced	  IUGR.	  	  LBW	  
conflates	  these	  different	  etiologies	  because	  it	  relies	  on	  a	  fixed	  threshold	  to	  classify	  infants.	  	  
Without	  accounting	  for	  gestational	  age,	  it	  groups	  together	  term	  and	  preterm	  infants,	  which	  can	  
produce	  erroneous	  estimates.	  	  For	  this	  reason,	  SGA	  improves	  the	  potential	  for	  causal	  inference.	  	  	  
Given	  the	  low	  concordance	  between	  LBW	  and	  SGA	  measures39,	  it	  is	  not	  surprising	  that	  findings	  
by	  Stein	  et	  al.	  departed	  from	  the	  conclusions	  of	  prior	  research.	  	  	  
	  
Second,	  the	  observed	  differences	  in	  outcomes	  of	  Mexican	  Americans	  and	  Puerto	  Ricans	  make	  a	  
strong	  case	  against	  using	  generic	  categories	  such	  as	  “Hispanic”	  and	  in	  favor	  of	  disaggregating	  
Hispanic	  subgroups.	  	  In	  particular,	  there	  is	  a	  need	  to	  elucidate	  the	  influence	  of	  Hispanic	  
subgroup	  ancestry	  and	  maternal	  nativity	  on	  measures	  of	  birthweight	  and	  infant	  size.	  	  The	  
dearth	  of	  studies	  focusing	  on	  SGA	  (Appendix	  1),	  and	  their	  varied	  approaches	  to	  Hispanic	  
classification	  make	  it	  difficult	  to	  definitively	  evaluate	  the	  existing	  evidence	  for	  the	  birthweight	  
paradox.	  	  In	  consideration	  of	  these	  issues,	  this	  dissertation	  examined	  the	  Hispanic	  birthweight	  
paradox	  in	  Chapter	  2	  considering	  both	  LBW	  and	  SGA	  as	  outcomes	  of	  interest,	  and	  in	  Chapter	  3	  
proceeded	  with	  SGA	  analysis	  disaggregated	  by	  Hispanic	  subgroup	  ancestry	  and	  nativity	  status.	  	  	  
	  
In	  addition	  to	  maternal	  race/ethnicity,	  measures	  of	  socioeconomic	  position	  (SEP)	  as	  predictors	  
of	  birth	  outcomes	  have	  garnered	  the	  attention	  of	  researchers.	  	  Maternal	  educational	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attainment	  has	  been	  of	  particular	  interest,	  not	  only	  because	  its	  effect	  on	  the	  risk	  of	  adverse	  
birth	  outcomes	  differs	  across	  race/ethnic	  groups35,40-­‐43	  but	  also	  because	  the	  observed	  
protective	  effect	  of	  nativity	  is	  stronger	  among	  women	  of	  Hispanic	  subgroups	  with	  the	  least	  
education34,40.	  	  This	  finding	  not	  only	  challenges	  the	  expectation	  that	  infant	  health	  improves	  
with	  greater	  maternal	  education,	  but	  also	  reveals	  a	  dimension	  of	  health	  disparities	  related	  to	  
the	  Hispanic	  paradox	  which	  has	  not	  been	  resolved.	  	  To	  my	  knowledge,	  only	  Acevedo-­‐Garcia	  et	  
al.	  have	  noted	  this	  phenomenon	  focusing	  on	  LBW	  in	  a	  national	  dataset	  34.	  	  With	  the	  purpose	  of	  
further	  exploring	  the	  effect	  measure	  modification	  by	  education,	  this	  dissertation	  examined	  in	  
Chapter	  4	  whether	  the	  association	  between	  Hispanic	  ethnic/nativity	  subgroup	  and	  SGA	  varies	  
by	  maternal	  level	  of	  education.	  	  	  
	  
The	  interest	  of	  researchers	  in	  the	  determinants	  of	  birth	  outcomes	  has	  gradually	  expanded	  
beyond	  individual-­‐level	  predictors,	  such	  as	  race/ethnicity	  and	  education,	  thanks	  largely	  to	  the	  
growing	  empirical	  evidence	  of	  the	  influence	  of	  contextual	  factors	  4,13,41-­‐54.	  	  To	  date,	  most	  
research	  on	  neighborhood	  racial/ethnic	  composition	  and	  segregation	  has	  focused	  primarily	  on	  
white	  and	  African	  American	  populations,	  using	  different	  measures	  to	  examine	  same	  race	  
neighborhood	  composition,	  with	  mixed	  results.	  	  Some	  studies	  found	  residence	  in	  
predominantly	  black	  neighborhoods	  to	  be	  associated	  with	  favorable	  birth	  outcomes	  among	  
African	  Americans41,47,53,55,	  while	  others	  highlighted	  deleterious	  effects43,44,48,53,56.	  	  Research	  on	  
the	  effect	  of	  Hispanic	  neighborhood	  composition	  among	  Hispanics	  has	  also	  produced	  
inconsistent	  results42,44,57.	  	  Certain	  measures	  of	  residential	  segregation	  were	  found	  to	  be	  
associated	  with	  greater	  low	  birthweight	  risk	  among	  U.S.-­‐born	  women	  of	  Mexican	  ancestry42,	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while	  in	  other	  studies	  segregation	  exerted	  a	  slightly	  protective	  or	  null	  effect	  on	  the	  risk	  for	  
preterm	  birth	  among	  certain	  Hispanic	  subgroups44,	  or	  demonstrated	  no	  significant	  effect	  at	  all	  
on	  preterm	  birth	  among	  Hispanics57.	  	  More	  recently,	  the	  question	  of	  Hispanic	  neighborhood	  
composition	  has	  been	  framed	  in	  terms	  of	  birth	  outcomes	  among	  non-­‐Hispanics58.	  	  Infants	  of	  
black	  and	  white	  mothers	  experienced	  a	  significant	  decrease	  in	  mortality	  risk	  if	  living	  in	  
moderately	  dense	  Hispanic	  neighborhoods,	  but	  a	  very	  modest	  reduction	  in	  risk	  of	  LBW	  or	  
preterm	  birth	  if	  living	  in	  low	  density	  Hispanic	  neighborhoods,	  as	  compared	  to	  their	  counterparts	  
in	  neighborhoods	  devoid	  of	  Hispanic	  population58.	  	  	  
	  
The	  inconsistent	  findings	  regarding	  the	  effect	  of	  race/ethnic	  neighborhood	  composition	  on	  the	  
risk	  of	  adverse	  birth	  outcomes	  among	  Hispanics	  are	  perhaps	  due	  to	  differences	  in	  the	  
neighborhood-­‐level	  measures,	  in	  the	  outcomes	  of	  interest,	  or	  in	  the	  geographic	  focus	  of	  the	  
studies.	  	  However,	  given	  the	  paucity	  of	  research	  on	  this	  relationship,	  the	  influence	  of	  
neighborhood	  composition	  demands	  further	  examination.	  	  Moreover,	  despite	  attention	  
focused	  on	  the	  role	  of	  maternal	  education34,40,59	  and	  on	  neighborhood	  composition42,44,57	  in	  
past	  birth	  outcome	  studies	  among	  Hispanics,	  there	  is	  no	  research	  which	  has	  examined	  these	  
characteristics	  in	  the	  same	  study,	  controlling	  for	  one	  another	  in	  the	  analysis.	  	  Chapter	  4	  of	  this	  
dissertation	  examines	  effect	  measure	  modification	  of	  the	  association	  between	  
ethnicity/nativity	  and	  SGA	  	  by	  neighborhood	  proportion	  of	  Hispanic	  population	  (NPHP),	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This	  dissertation	  research	  furthers	  our	  understanding	  of	  the	  Hispanic	  birthweight	  paradox	  by	  
building	  upon	  the	  extant	  body	  of	  literature	  on	  the	  paradox	  as	  well	  as	  past	  studies	  examining	  the	  
influence	  of	  maternal	  education	  and	  neighborhood	  context	  on	  birth	  outcomes.	  	  The	  use	  of	  LBW	  
in	  the	  initial	  steps	  of	  the	  analysis	  and	  of	  SGA	  as	  the	  main	  outcome	  of	  interest	  in	  this	  dissertation	  
not	  only	  allows	  for	  meaningful	  comparison	  with	  past	  findings	  (LBW)	  but	  also	  constitutes	  an	  
important	  improvement	  over	  past	  conventional	  approaches	  (SGA)	  in	  light	  of	  the	  
methodological	  limitations	  of	  LBW38.	  	  The	  use	  of	  birth	  data	  from	  the	  New	  York	  City	  Department	  
of	  Health	  and	  Mental	  Hygiene	  (NYCDOHMH)	  for	  years	  2003–2007	  provided	  several	  advantages.	  	  
Comprising	  of	  a	  large,	  highly	  racially/ethnically	  diverse	  population	  of	  women	  and	  their	  infants,	  
these	  records	  were	  well	  suited	  for	  Hispanic	  subgroup	  analysis.	  	  Moreover,	  by	  focusing	  on	  NYC	  
residents,	  the	  analysis	  accounted	  for	  the	  shared	  social	  environment,	  eliminating	  concerns	  about	  
uncontrolled	  confounding	  that	  may	  have	  occurred	  in	  past	  studies	  using	  national	  samples	  and	  
comparing	  infants	  from	  different	  cities	  and	  regions.	  	  	  
	  
To	  my	  knowledge,	  this	  dissertation	  constitutes	  the	  first	  and	  only	  research	  in	  which	  maternal	  
education	  and	  neighborhood	  racial/ethnic	  composition	  are	  addressed	  together	  in	  the	  study	  of	  
Hispanic	  subgroups.	  	  The	  findings	  regarding	  maternal	  education	  are	  important	  for	  elucidating	  
past	  research	  and	  understanding	  the	  mechanisms	  that	  buffer	  risk	  among	  seemingly	  vulnerable	  
populations.	  	  Furthermore,	  analyses	  evaluating	  the	  influence	  of	  maternal	  education	  on	  the	  
association	  between	  Hispanic	  subgroup	  and	  SGA	  in	  the	  presence	  of	  neighborhood	  composition,	  
as	  well	  as	  the	  influence	  of	  neighborhood	  composition	  on	  the	  Hispanic	  subgroup-­‐SGA	  
relationship	  in	  the	  presence	  of	  maternal	  education,	  are	  important	  given	  evidence	  of	  the	  joint	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role	  of	  individual-­‐	  and	  neighborhood-­‐level	  factors	  in	  shaping	  women’s	  risk	  of	  adverse	  birth	  
outcomes41,47.	  	  
	  
Finally,	  the	  examination	  of	  Hispanic	  subgroups	  in	  this	  dissertation	  not	  only	  benefits	  subgroup	  
populations	  whose	  risk	  of	  SGA	  has	  not	  been	  identified	  through	  analyses	  of	  aggregated	  data,	  but	  
also	  has	  important	  public	  health	  implications	  given	  the	  prominence	  and	  projected	  growth	  of	  
the	  Hispanic	  population	  in	  the	  U.S.	  	  Between	  2000	  and	  2010	  Hispanics	  accounted	  for	  over	  one-­‐
half	  of	  U.S.	  population	  growth,	  growing	  43.3%	  in	  contrast	  to	  non-­‐Hispanics	  which	  grew	  about	  
5%60.	  	  Hispanics	  numbered	  50.5	  million	  in	  201060	  and	  U.S.	  Census	  estimates	  suggest	  that	  this	  
number	  will	  triple	  by	  2050,	  at	  which	  point	  they	  will	  constitute	  24%	  of	  the	  U.S.	  population61.	  	  	  
	  
Aims	  of	  Dissertation	  
The	  overall	  goal	  of	  this	  dissertation	  was	  to	  investigate	  the	  Hispanic	  health	  paradox	  with	  relation	  
to	  birth	  outcomes	  in	  singleton	  infants	  born	  to	  women	  residing	  in	  New	  York	  City	  aged	  20	  years	  
and	  older,	  using	  birth	  records	  for	  years	  2003	  through	  2007	  collected	  by	  the	  Office	  of	  Vital	  
Statistics	  of	  the	  New	  York	  City	  Department	  of	  Health	  and	  Mental	  Hygiene	  (NYCDOHMH).	  	  The	  
specific	  aims	  of	  this	  dissertation	  are:	  	  
Aim	  1a:	  To	  examine	  the	  association	  of	  race/ethnicity	  with	  birth	  outcomes	  after	  controlling	  for	  
selected	  individual-­‐level	  and	  contextual	  characteristics.	  For	  this	  aim,	  the	  outcomes	  were	  
birthweight	  (measured	  continuously),	  LBW	  and	  SGA;	  race/ethnicity	  was	  defined	  as	  non-­‐
Hispanic	  black,	  non-­‐Hispanic	  white,	  and	  Hispanic.	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Aim	  1b:	  To	  examine	  whether	  the	  association	  between	  race/ethnicity	  and	  birthweight	  varied	  by	  
maternal	  nativity	  status	  (U.S.	  vs.	  foreign-­‐born),	  after	  controlling	  for	  selected	  individual-­‐level	  and	  
contextual	  characteristics.	  	  Birthweight	  and	  race/ethnicity	  were	  measured	  as	  in	  Aim	  1a.	  	  
Aim	  2a:	  To	  examine	  the	  association	  between	  race/ethnicity-­‐nativity	  status	  and	  SGA	  using	  
disaggregated	  Hispanic	  subgroups,	  after	  controlling	  for	  selected	  individual-­‐level	  and	  contextual	  
characteristics.	  In	  aims	  2a,	  2b	  and	  2c,	  race/ethnicity	  was	  defined	  as	  non-­‐Hispanic	  black,	  and	  
non-­‐Hispanic	  white,	  but	  Hispanics	  were	  disaggregated	  into	  subgroups	  defined	  according	  to	  
maternal	  ancestry:	  Puerto	  Rican,	  Cuban,	  Dominican,	  Mexican,	  Central	  American	  and	  South	  
American.	  	  	  
Aim	  2b:	  To	  examine	  whether	  the	  association	  between	  race/ethnicity-­‐nativity	  status	  and	  SGA	  
varied	  by	  maternal	  level	  of	  education,	  controlling	  for	  selected	  individual-­‐level	  and	  contextual	  
covariates,	  including	  neighborhood	  proportion	  of	  Hispanic	  population	  (NPHP).	  	  	  
Aim	  2c:	  	  To	  examine	  whether	  the	  association	  between	  Hispanic	  subgroup/nativity	  status	  and	  
SGA	  varied	  by	  the	  NPHP,	  controlling	  for	  selected	  individual-­‐level	  and	  contextual	  characteristics,	  
including	  maternal	  education.	  	  	  
Chapter	  2	  will	  present	  the	  analysis	  for	  aims	  1a	  and	  1b,	  Chapter	  3	  will	  present	  the	  analysis	  for	  
aim	  2a	  and	  Chapter	  4	  will	  present	  the	  analysis	  for	  aims	  2b	  and	  2c.	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Table	  1.1	  	  Socioeconomic	  characteristics	  of	  U.S.	  adults	  by	  race/ethnicity	  
	  
Characteristic	   Hispanic	   Non-­‐Hispanic	  black	  
Non-­‐Hispanic	  
white	  
	   	   	   	  
Education62	   	   	   	  
At	  least	  a	  high	  school	  degree	  (%)	   60.6	   80.1	   89.4	  
At	  least	  a	  Bachelor’s	  degree	  (%)	   12.5	   17.3	   30.5	  
Median	  household	  income,	  2009	  ($,	  in	  k)45	   38.0	   32.6	   54.5	  
Living	  below	  poverty,	  2009	  (%)45	   25.3	   25.8	   9.4	  
Without	  health	  insurance,	  2009*	  (%)45	  	   32.4	   21	   12	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Aim:	  To	  investigate	  the	  association	  of	  maternal	  race/ethnicity	  with	  measures	  of	  birthweight	  and	  
infant	  size	  in	  singleton	  infants	  born	  to	  women	  residing	  in	  New	  York	  City	  aged	  20	  and	  older,	  
controlling	  for	  selected	  individual-­‐	  and	  contextual-­‐level	  characteristics.	  	  Also	  examined	  was	  
whether	  this	  association	  varied	  by	  maternal	  nativity	  status.	  	  	  	  	  
	  
Methods:	  The	  study	  involved	  birth	  records	  from	  years	  2003	  through	  2007	  collected	  by	  the	  
Office	  of	  Vital	  Statistics	  of	  the	  New	  York	  City	  Department	  of	  Health	  and	  Mental	  Hygiene	  
(N=460,881).	  	  	  The	  main	  outcomes	  of	  interest	  in	  this	  study	  were	  mean	  birthweight,	  low	  
birthweight	  (LBW,	  defined	  as	  <	  2500	  grams	  versus	  ≥	  2500	  grams)	  and	  small	  for	  gestational	  age	  
(SGA,	  calculated	  as	  the	  10th	  percentile	  for	  birthweight	  at	  each	  week	  of	  gestational	  age	  and	  by	  
sex).	  	  Multilevel	  logistic	  models	  with	  random	  effects	  were	  used	  to	  estimate	  odds	  ratios	  for	  the	  
association	  between	  race/ethnicity	  and	  measures	  of	  birthweight	  and	  infant	  size,	  while	  
accounting	  for	  the	  correlation	  between	  observations	  within	  the	  same	  neighborhood.	  	  
Race/ethnicity	  of	  women	  was	  specified	  as	  non-­‐Hispanic	  black,	  and	  non-­‐Hispanic	  white	  and	  
Hispanic.	  	  All	  data	  analyses	  were	  conducted	  using	  SAS.	  
	  
Results:	  Relative	  to	  non-­‐Hispanic	  white	  women,	  non-­‐Hispanic	  black	  women	  experienced	  50%	  
greater	  risk	  (OR:1.50;95%CI:1.45,1.55)	  and	  Hispanic	  women	  comparable	  risk	  
(OR:1.03;95%CI:1.00,1.06)	  of	  having	  an	  SGA	  infant	  in	  a	  fully	  adjusted	  model.	  	  With	  regard	  to	  
LBW,	  the	  risk	  was	  more	  than	  double	  for	  black	  women	  (OR:2.25;95%CI:2.16,2.35)	  and	  close	  to	  
50%	  greater	  for	  Hispanic	  women	  (OR:1.46;95%CI:1.40,1.53)	  as	  compared	  to	  that	  of	  their	  white	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counterparts	  in	  a	  fully	  adjusted	  model.	  In	  addition,	  the	  mean	  birthweight	  of	  infants	  born	  to	  
both	  black	  and	  Hispanic	  women	  was	  significantly	  lower	  compared	  to	  those	  born	  to	  white	  
women.	  	  Furthermore,	  the	  relationship	  between	  race/ethnicity	  and	  all	  three	  outcome	  measures	  
varied	  by	  maternal	  nativity	  status	  (p<0.0001),	  with	  infants	  of	  foreign-­‐born	  women	  experiencing	  
more	  favorable	  outcomes	  relative	  to	  their	  U.S.-­‐born	  counterparts.	  	  
	  
Conclusion:	  This	  research	  confirmed	  the	  Hispanic	  paradox	  in	  SGA	  analyses	  for	  Hispanics	  overall	  
and	  for	  both	  U.S.-­‐born	  and	  foreign-­‐born	  Hispanics,	  but	  not	  in	  analyses	  with	  LBW	  or	  with	  mean	  
birthweight.	  	  These	  discrepant	  findings	  may	  be	  due	  to	  the	  distinct	  concepts	  captured	  by	  each	  





Past	  research	  has	  established	  that	  low	  birth	  weight	  (LBW)	  infants	  (<2500	  g.)	  are	  at	  a	  higher	  risk	  
for	  infant	  mortality1-­‐5,	  perinatal	  morbidity5-­‐9	  and	  sequelae	  throughout	  childhood5,	  6,	  9,	  10.	  	  LBW	  
infants	  also	  have	  a	  greater	  likelihood	  of	  chronic	  diseases	  and	  mortality	  in	  adulthood11-­‐13.	  	  
Between	  1980	  and	  2000,	  the	  percentage	  of	  LBW	  infants	  increased	  11.8%	  in	  the	  United	  States	  
(U.S.)	  and	  today	  remains	  elevated	  relative	  to	  most	  European	  countries14.	  	  Moreover,	  when	  
disaggregating	  U.S.	  LBW	  data	  by	  maternal	  race/ethnicity,	  there	  are	  considerable	  disparities	  in	  
the	  distribution	  of	  LBW	  infants15,	  16.	  	  Although	  the	  increase	  in	  the	  proportion	  of	  LBW	  observed	  
in	  the	  U.S.	  in	  recent	  decades	  has	  been	  greatest	  among	  non-­‐Hispanic	  whites15,	  non-­‐Hispanic	  
blacks	  (13.5%)	  continue	  to	  experience	  the	  highest	  incidence	  of	  LBW	  while	  Hispanics	  (6.9%)	  
exhibit	  lowest	  or	  similar	  incidence	  of	  LBW	  as	  compared	  to	  non-­‐Hispanic	  whites	  (7.2%)16.	  	  
	  
The	  elevated	  proportion	  of	  low	  weight	  infants	  born	  to	  black	  mothers	  has	  been	  reported	  over	  
numerous	  decades14.	  	  Possible	  explanations	  have	  underscored	  poor	  health	  care	  access17,	  18	  as	  
well	  as	  stressors	  related	  to	  racial	  discrimination18-­‐21	  among	  black	  women,	  though	  these	  
stressors	  are	  not	  yet	  widely	  recognized	  beyond	  the	  social	  epidemiology	  literature.	  	  The	  lower	  or	  
similar	  incidence	  of	  LBW	  among	  Hispanics	  was	  first	  documented	  close	  to	  forty	  years	  ago22,	  
constituting	  one	  aspect	  of	  what	  came	  to	  be	  broadly	  known	  as	  an	  “epidemiologic	  paradox”	  22-­‐36,	  
observed	  with	  regard	  to	  infant	  mortality24,	  37,	  38,	  adult	  mortality35,	  39-­‐41	  and	  birth	  outcomes28,	  42-­‐
44.	  	  The	  fundamental	  premise	  of	  the	  paradox	  is	  that,	  despite	  a	  more	  adverse	  socioeconomic	  
profile	  relative	  to	  the	  white	  population	  in	  the	  U.S.,	  the	  health	  outcomes	  of	  Hispanics	  are	  often	  
comparable	  to	  or	  more	  favorable	  than	  those	  of	  the	  non-­‐Hispanic	  white	  population22.	  	  Early	  
21	  
studies	  of	  the	  Hispanic	  birthweight	  paradox	  focused	  predominantly	  on	  Mexican	  populations26,	  
27,	  30,	  45	  or	  employed	  a	  broad	  “Hispanic”	  or	  regional	  category30,	  31,	  46.	  	  These	  studies	  concluded	  
that	  the	  risk	  of	  having	  a	  LBW	  infant	  for	  Mexican	  women	  or	  for	  Hispanic	  women	  overall	  was	  
comparable	  to	  or	  lower	  than	  that	  of	  their	  white	  counterparts.	  	  Birthweight	  research	  with	  
analyses	  stratified	  by	  maternal	  nativity	  status	  further	  broadened	  the	  focus	  beyond	  
race/ethnicity,	  and	  underscored	  the	  protective	  effect	  of	  foreign	  birth	  among	  Hispanic	  25,	  28,	  42-­‐44,	  
47	  and	  among	  black48,	  49	  women.	  	  Researchers	  have	  posited	  that	  mechanisms	  of	  social	  support	  
as	  well	  as	  cultural	  norms	  that	  promote	  salubrious	  behaviors	  may	  explain	  the	  protective	  effect	  
seen	  among	  Hispanic	  and	  foreign-­‐born	  women50-­‐52.	  	  	  
	  
While	  these	  findings	  constitute	  important	  advances	  in	  the	  field,	  their	  relevance	  is	  limited	  given	  
not	  only	  the	  shortcomings	  of	  the	  conventional	  approach	  for	  measuring	  small	  infants,	  but	  also	  
the	  inconsistency	  across	  studies	  in	  defining	  measures	  of	  birthweight	  and	  infant	  size.	  	  The	  
predominant	  measure	  in	  the	  literature	  has	  been	  LBW18,	  19,	  21,	  25,	  27,	  28,	  31,	  32,	  43,	  44,	  47-­‐49,	  53	  (<	  2500	  g.,	  
≥	  2500	  g.),	  despite	  its	  considerable	  deficiencies	  from	  a	  conceptual	  and	  clinical	  perspective54.	  	  
However,	  some	  researchers	  have	  employed	  multiple	  categories	  of	  birthweight	  based	  on	  grams	  
(e.g.	  very	  low,	  moderately	  low,	  ≥4500	  g.)15,	  20,	  21,	  26,	  33,	  42,	  46,	  while	  others	  have	  favored	  a	  
continuous	  measure17,	  26,	  31,	  55.	  	  Finally,	  only	  one	  study55	  to	  date	  has	  focused	  on	  small	  for	  
gestational	  age	  (SGA),	  a	  measure	  of	  infant	  size	  which	  overcomes	  some	  limitations	  presented	  by	  
most	  birthweight	  definitions,	  primarily	  by	  reducing	  potential	  confounding	  by	  gestational	  age56.	  	  
These	  discrepancies	  in	  the	  outcome	  measure	  used	  across	  studies	  examining	  Hispanic	  
birthweight	  paradox	  have	  hindered	  the	  comparison	  of	  research	  findings.	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The	  aim	  of	  the	  proposed	  research	  was	  to	  examine	  the	  association	  of	  maternal	  race/ethnicity	  
with	  measures	  of	  birthweight	  and	  and	  whether	  this	  association	  varied	  by	  maternal	  nativity	  
status	  infant	  size	  among	  singleton	  infants	  born	  to	  women	  residing	  in	  New	  York	  City	  (NYC),	  
controlling	  for	  selected	  individual-­‐	  and	  contextual-­‐level	  characteristics.	  	  To	  address	  the	  
inconsistency	  in	  definitions	  used	  in	  previous	  studies,	  the	  outcome	  was	  defined	  using	  SGA,	  LBW	  
(as	  a	  dichotomous	  measure)	  and	  birthweight	  (as	  a	  continuous	  measure),	  not	  only	  with	  the	  
intent	  of	  ensuring	  comparability	  of	  the	  results	  to	  prior	  research	  findings	  but	  also	  to	  verify	  if	  the	  
Hispanic	  birthweight	  paradox	  held	  with	  different	  definitions	  in	  the	  same	  population.	  	  
	  
Methods	  
The	  study	  used	  data	  from	  the	  Bureau	  of	  Vital	  Statistics	  of	  the	  New	  York	  City	  Department	  of	  
Health	  and	  Mental	  Hygiene	  (NYCDOHMH)	  and	  the	  U.S.	  Census.	  	  The	  individual-­‐level	  data	  were	  
records	  of	  live	  births	  collected	  by	  the	  NYCDOHMH	  for	  years	  2003	  through	  2007	  (N=625,636).	  	  
Information	  on	  mothers	  and	  infants	  was	  derived	  from	  the	  Certificates	  of	  Birth	  and	  the	  
Confidential	  Medical	  Report	  with	  the	  Office	  of	  Vital	  Statistics57.	  	  The	  neighborhood-­‐level	  data	  
was	  2000	  U.S.	  Census	  information,	  linked	  with	  NYCDOHMH	  birth	  records	  to	  allow	  contextual	  
variables	  to	  be	  derived	  for	  the	  analysis.	  	  Linkage	  was	  performed	  at	  the	  zip	  code	  level.	  	  
	  
The	  outcome	  was	  defined	  in	  three	  different	  ways.	  The	  first	  definition	  was	  SGA,	  calculated	  by	  
identifying	  infants	  below	  the	  10th	  percentile	  for	  birthweight	  (measured	  in	  grams)	  at	  each	  week	  
of	  gestational	  age,	  by	  sex,	  using	  a	  U.S.	  national	  reference58.	  	  SGA,	  measured	  as	  a	  dichotomous	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variable	  (<10th	  percentile	  versus	  ≥10th	  percentile),	  reflects	  the	  size	  of	  the	  infants	  relative	  to	  its	  
peers.	  	  Second,	  in	  the	  interest	  of	  comparability	  with	  the	  extant	  research	  supporting	  the	  
Hispanic	  paradox,	  this	  study	  also	  considered	  low	  birthweight	  (LBW)	  defined	  as	  a	  dichotomous	  
variable.	  	  This	  measure	  classified	  infants’	  weight	  as	  less	  than	  2500	  g.	  or	  as	  equal	  to	  or	  greater	  
than	  2500	  g.,	  up	  to	  6000	  g.,	  grouping	  together	  babies	  of	  varied	  gestational	  ages	  in	  each	  
category.	  	  Finally,	  birthweight	  as	  a	  continuous	  variable	  measured	  in	  grams	  was	  also	  examined	  
for	  the	  purpose	  of	  comparison	  with	  other	  studies26,	  31,	  55,	  and	  provides	  the	  observed	  distribution	  
for	  the	  population.	  	  
	  
The	  main	  exposure	  of	  interest	  was	  race/ethnicity.	  	  Although	  race	  and	  ethnicity	  are	  
conventionally	  defined	  and	  recorded	  in	  health	  research	  in	  accordance	  with	  definitions	  issued	  by	  
the	  U.S.	  Office	  of	  Management	  and	  Budget	  (OMB)59,	  the	  NYCDOHMH	  uses	  a	  slightly	  modified	  
approach60.	  	  In	  lieu	  of	  ethnicity,	  “ancestry”	  is	  recorded	  on	  the	  Confidential	  Medical	  Report,	  
defined	  by	  the	  National	  Center	  for	  Health	  Statistics	  (NCHS)	  as:	  “the	  nationality,	  lineage,	  or	  
country	  where	  a	  person’s	  ancestors	  were	  born	  before	  their	  arrival	  in	  the	  U.S”.	  	  Race	  and	  
ancestry	  were	  ascertained	  as	  two	  separate	  items	  (Appendix	  2).	  To	  record	  race,	  individuals	  were	  
presented	  with	  the	  following	  text:	  “Race	  –	  White,	  Black,	  American	  Indian,	  Chinese,	  Asian,	  
Indian,	  Other	  specify	  ”,	  beneath	  which	  a	  box	  was	  provided	  for	  the	  write-­‐in	  response.	  	  To	  record	  
ancestry,	  individuals	  were	  presented	  with	  the	  following	  text:	  “Ancestry	  (African-­‐American,	  
Chinese,	  Cuban,	  German,	  Italian,	  Puerto	  Rican	  etc.)”	  beneath	  which	  there	  was	  a	  box	  for	  the	  
write-­‐in	  response.	  	  NYCDOHMH	  Bureau	  of	  Vital	  Records	  coded	  responses	  for	  the	  race	  and	  
ancestry	  categories	  in	  accordance	  with	  NCHS	  rules60	  as	  follows:	  Hispanic	  ancestry	  responses	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were	  used	  to	  create	  an	  ancestry	  variable	  defined	  as	  either	  Hispanic	  or	  non-­‐Hispanic,	  
independent	  of	  which	  race	  was	  specified	  on	  the	  form.	  	  All	  other	  ancestry	  responses	  were	  
classified	  by	  racial	  categories	  as	  Asian,	  non-­‐Hispanic	  white,	  non-­‐Hispanic	  black,	  other	  or	  
unknown.	  
	  
For	  the	  purposes	  of	  this	  study,	  maternal	  race/ethnicity	  was	  defined	  as	  non-­‐Hispanic	  black,	  non-­‐
Hispanic	  white,	  and	  Hispanic,	  based	  on	  the	  self-­‐identified	  responses	  of	  women	  recorded	  by	  
NYCDOHMH.	  	  The	  inclusion	  of	  both	  blacks	  and	  whites	  provides	  different	  perspectives	  in	  this	  
analysis.	  	  The	  former	  share	  many	  socioeconomic	  similarities	  with	  Hispanics,	  yet	  often	  exhibit	  a	  
different	  risk	  profile.	  	  The	  latter	  has	  typically	  constituted	  the	  comparison	  group	  in	  past	  studies.	  	  	  
Records	  in	  which	  NYCDOHMH	  recorded	  maternal	  ancestry	  as	  Asian,	  other,	  or	  unknown,	  were	  
excluded	  from	  the	  analysis.	  	  	  
	  
An	  initial	  selection	  of	  independent	  variables	  in	  this	  study	  was	  primarily	  based	  upon	  an	  extensive	  
literature	  review	  of	  studies	  investigating	  SGA55	  and/or	  LBW25,	  26,	  28,	  31,	  32,	  43,	  44,	  46,	  47,	  53,	  61	  among	  
Hispanics.	  	  Maternal	  nativity	  status,	  as	  recorded	  by	  NYCDOHMH,	  was	  defined	  as	  either	  U.S.-­‐	  or	  
foreign-­‐born.	  	  Women	  were	  classified	  as	  foreign-­‐born	  if	  born	  outside	  the	  continental	  United	  
States,	  Hawaii	  or	  Alaska.	  	  In	  acknowledgement	  of	  the	  social,	  political	  and	  cultural	  differences	  in	  
contexts	  encountered	  on	  the	  island	  of	  Puerto	  Rico	  and	  on	  the	  mainland	  U.S,	  island-­‐born	  women	  
were	  classified	  as	  foreign-­‐born	  and	  mainland-­‐born	  women	  were	  classified	  as	  U.S.-­‐born	  in	  this	  
study,	  consistent	  with	  past	  birthweight	  research28,	  32,	  44,	  53.	  	  Variables	  were	  derived	  from	  data	  
recorded	  on	  the	  Certificates	  of	  Birth	  and	  the	  Confidential	  Medical	  Report	  filed	  with	  the	  Office	  of	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Vital	  Statistics57	  and	  were	  used	  in	  the	  format	  that	  they	  were	  originally	  collected	  unless	  
otherwise	  specified.	  	  Covariates	  included	  maternal	  characteristics	  as	  well	  as	  variables	  
representing	  mothers’	  socioeconomic	  position	  considered	  in	  previous	  studies32,	  33,	  44,	  47,	  55,	  62-­‐70.	  	  
Maternal	  age	  was	  recorded	  continuously,	  in	  years,	  by	  the	  NYCDOHMH.	  	  Using	  the	  median	  of	  
the	  population	  distribution	  as	  a	  cut	  point	  (28	  years),	  age	  was	  dichotomized.	  
	  	  
Maternal	  education	  was	  self-­‐reported,	  recorded	  continuously	  by	  the	  NYCDOHMH	  as	  the	  
number	  of	  years	  of	  schooling	  completed	  by	  the	  mother	  at	  the	  time	  of	  birth.	  	  Consistent	  with	  
previous	  studies	  examining	  the	  effect	  of	  education	  on	  LBW44,	  71,	  education	  was	  categorized	  in	  
this	  research	  to	  reflect	  different	  degrees	  of	  attainment	  as	  follows:	  <12	  years	  (high	  school	  not	  
completed),	  12	  years	  (high	  school	  or	  equivalent	  completed),	  13-­‐15	  years	  (some	  college),	  16+	  
years	  (college	  completed).	  	  The	  Bureau	  of	  Vital	  Statistics	  computed	  marital	  status	  using	  an	  
algorithm	  whereby	  mothers	  were	  classified	  as	  married	  if	  birth	  certificates	  bore	  father’s	  name	  or	  
were	  accompanied	  by	  an	  Acknowledgment	  of	  Paternity,	  and	  unmarried	  otherwise57.	  	  Financial	  
coverage	  of	  mothers’	  medical	  care	  and	  delivery	  expenses	  was	  classified	  by	  the	  NYCDOHMH	  into	  
categories	  of	  health	  insurance	  coverage	  (Medicaid,	  HMO,	  Other	  3rd	  party,	  self-­‐pay,	  unknown),	  
and	  defined	  as	  a	  dichotomous	  variable	  (insured/uninsured)	  for	  this	  analysis.	  	  Similarly,	  mothers’	  
participation	  in	  each	  of	  several	  public	  assistance	  programs	  (WIC,	  PCAP,	  MOMS,	  AFDC)	  was	  
recorded	  by	  NYCDOHMH	  (yes/no),	  and	  the	  information	  was	  aggregated	  in	  this	  study	  to	  create	  a	  
dichotomous	  variable	  defined	  as	  receives/does	  not	  receive	  public	  assistance.	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Infant	  characteristics	  and	  maternal	  risk	  factors	  for	  the	  outcomes	  of	  interest	  considered	  in	  past	  
studies32,	  33,	  44,	  47,	  55,	  62-­‐64,	  66-­‐72	  were	  included	  as	  covariates.	  	  Clinical	  gestational	  age	  was	  
determined	  by	  the	  medical	  provider	  and	  recorded	  in	  weeks.	  	  Birth	  order	  was	  calculated	  using	  
data	  on	  previous	  deliveries	  and	  defined	  as	  nulliparous	  versus	  multiparous.	  	  Infants’	  Apgar	  score	  
at	  five	  minutes	  as	  recorded	  in	  the	  Confidential	  Medical	  Report,	  as	  well	  as	  self-­‐reported	  
maternal	  weight	  gain	  recorded	  in	  pounds,	  were	  included	  as	  continuous	  variables.	  	  Prenatal	  care	  
received	  by	  the	  mother	  as	  reported	  by	  the	  provider	  was	  also	  considered	  in	  this	  study,	  in	  the	  
form	  of	  the	  Kessner	  Index73.	  	  This	  measure	  was	  calculated	  using	  information	  recorded	  on	  the	  
Confidential	  Medical	  Report	  about	  the	  number	  of	  prenatal	  care	  visits	  completed	  by	  a	  particular	  
gestational	  age,	  as	  well	  as	  the	  trimester	  in	  which	  prenatal	  care	  was	  initiated.	  	  The	  Kessner	  Index	  
categorizes	  prenatal	  care	  as	  adequate,	  intermediate	  or	  inadequate.	  	  The	  analysis	  also	  controlled	  
for	  medical	  risk	  factors	  reported	  by	  the	  provider	  including	  maternal	  anemia,	  placental	  
abruption	  and	  placenta	  previa.	  	  In	  addition,	  this	  study	  grouped	  chronic	  diabetes	  and	  gestational	  
diabetes	  together	  into	  one	  variable,	  and	  did	  the	  same	  with	  preeclampsia	  and	  eclampsia.	  	  
Furthermore,	  maternal	  use	  of	  tobacco	  and	  use	  of	  alcohol	  during	  pregnancy	  were	  accounted	  for	  
in	  the	  analysis.	  	  All	  these	  variables	  were	  collected	  on	  the	  Confidential	  Medical	  Report	  and	  
defined	  dichotomously	  (yes/no)	  by	  NYCDOHMH	  (Appendix	  2).	  
	  
Given	  its	  association	  with	  race/ethnicity74	  and	  with	  birthweight34,	  75,	  76,	  neighborhood	  
disadvantage	  was	  considered	  as	  a	  potential	  confounder	  in	  this	  study.	  	  It	  was	  included	  in	  the	  
form	  of	  a	  socioeconomic	  (SE)	  score	  summarizing	  neighborhood	  conditions,	  developed	  using	  
2000	  U.S.	  Census	  variables.	  	  Although	  past	  research	  on	  contextual	  effects	  and	  low	  birthweight	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has	  favored	  census	  tracts	  as	  proxies	  for	  neighborhoods	  34,	  77-­‐82,	  the	  modest	  incidence	  of	  low	  
birthweight	  in	  several	  census	  tracts	  level	  in	  this	  study	  (<5%)	  could	  potentially	  weaken	  reliability	  
of	  the	  estimates.	  	  More	  cases	  per	  neighborhood	  would	  improve	  the	  causal	  inference	  of	  the	  
study	  and	  therefore	  a	  different	  approach	  was	  taken	  wherein	  neighborhoods	  were	  defined	  as	  
United	  Hospital	  Fund	  (UHF)	  neighborhoods.	  NYC	  is	  divided	  in	  42	  neighborhoods	  represented	  by	  
UHF	  geographic	  areas	  defined	  by	  several	  adjoining	  zip	  codes83.	  UHF	  neighborhoods	  reflect	  
political,	  economic,	  and	  social	  relevance	  because	  they	  approximate	  NYC	  Community	  Planning	  
Districts,	  which	  were	  established	  in	  1975	  to	  facilitate	  service	  delivery,	  land	  use	  planning,	  and	  
accountability	  of	  city	  services84,	  85.	  	  The	  NYC	  Department	  of	  Health	  and	  Mental	  Hygiene	  
(DOHMH)	  uses	  UHF	  neighborhoods	  for	  planning	  and	  health	  intervention	  purposes86	  (Appendix	  
3).	  
	  
Consistent	  with	  previous	  analyses	  using	  1990	  and	  2000	  U.S.	  Census	  data87-­‐90,	  the	  UHF	  
neighborhood	  SE	  score	  was	  based	  on	  unweighted	  factor	  analyses	  of	  multiple	  2000	  U.S.	  Census	  
variables	  using	  principal	  components	  analysis	  and	  an	  orthogonal	  varimax	  rotation.	  	  The	  
variables	  used	  to	  calculate	  the	  neighborhood	  SE	  score	  were	  available	  at	  the	  UHF	  neighborhood-­‐
level91.	  	  Six	  variables	  representing	  dimensions	  of	  wealth/income	  (log	  of	  the	  median	  household	  
income	  for	  1999,	  log	  of	  the	  median	  value	  of	  owner	  occupied	  housing	  units,	  and	  the	  proportion	  
of	  households	  receiving	  interest,	  dividend	  or	  net	  rental	  income),	  education	  (the	  proportion	  of	  
adults	  aged	  25	  years	  or	  older	  with	  a	  high	  school	  diploma	  and	  the	  proportion	  of	  adults	  aged	  25	  
years	  or	  older	  with	  completed	  college	  education),	  and	  occupation	  (the	  proportion	  of	  employed	  
persons	  aged	  16	  years	  or	  older	  in	  executive,	  managerial,	  or	  professional	  specialty	  occupations)	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loaded	  on	  a	  factor	  with	  an	  Eigen	  value	  of	  7.65	  explaining	  76%	  of	  the	  variance,	  and	  were	  
combined	  to	  develop	  the	  score.	  Other	  neighborhood-­‐level	  variables	  from	  the	  U.S.	  Census	  were	  
also	  included	  in	  the	  factor	  analysis,	  such	  as	  the	  proportions	  of	  single	  adult-­‐headed	  households	  
with	  children,	  of	  households	  receiving	  public	  assistance,	  of	  residents	  living	  below	  poverty	  level,	  
and	  the	  neighborhood	  proportion	  of	  black	  population,	  but	  they	  did	  not	  load	  onto	  the	  same	  
factor.	  	  
	  
Each	  one	  of	  the	  six	  variables	  comprising	  the	  SE	  score	  were	  transformed	  into	  a	  Z-­‐score	  by	  
subtracting	  its	  value	  from	  the	  mean	  of	  all	  UHF	  neighborhoods	  in	  NYC,	  or	  grand	  mean	  for	  that	  
variable,	  and	  dividing	  the	  result	  by	  the	  standard	  deviation	  for	  all	  neighborhoods	  in	  NYC,	  or	  
standard	  deviation	  of	  the	  grand	  mean.	  The	  score	  for	  each	  neighborhood	  was	  calculated	  as	  the	  
sum	  of	  the	  Z-­‐scores	  for	  the	  six	  variables.	  	  The	  score	  ranged	  from	  -­‐10.00	  to	  16.13,	  with	  
increasing	  values	  reflecting	  increasing	  neighborhood	  SE	  advantage.	  For	  the	  purposes	  of	  this	  
analysis,	  the	  SE	  score	  was	  categorized	  into	  quintiles	  based	  on	  the	  entire	  sample	  distribution.	  	  
	  
The	  analysis	  was	  limited	  to	  singleton	  live	  births	  to	  black,	  white	  and	  Hispanic	  women	  15	  to	  45	  
years	  of	  age	  residing	  in	  of	  one	  of	  the	  five	  boroughs	  of	  New	  York	  City	  (470,725).	  	  Records	  were	  
excluded	  from	  the	  sample	  if	  infants	  were	  born	  with	  congenital	  anomalies	  (N=4,318)	  (Appendix	  
4),	  and	  if	  infants	  were	  missing	  data	  on	  birthweight	  (N=1),	  nativity	  status	  (N=1,893),	  educational	  
attainment	  (N=2,568),	  or	  United	  Hospital	  Fund	  (UHF)	  neighborhood	  (N=1,368).	  	  These	  
exclusions	  yielded	  a	  final	  sample	  of	  460,881	  records	  across	  42	  UHF	  neighborhoods	  
(mean=10,973,	  median=10,255,	  minimum=1,344,	  maximum=26,753)	  (Appendix	  5).	  Additional	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records	  (N=198)	  missing	  data	  on	  gestational	  age	  were	  excluded	  from	  the	  analysis	  with	  SGA	  as	  
the	  outcome.	  When	  compared	  on	  SGA	  prevalence	  and	  maternal,	  infant	  and	  neighborhood	  
characteristics,	  the	  included	  and	  excluded	  records	  were	  found	  to	  be	  significantly	  different	  on	  
every	  variable	  except	  the	  prevalence	  of	  anemia,	  of	  preecampsia/eclampsia,	  and	  of	  placenta	  
previa	  (P	  <0.01,	  <0.001	  and	  <0.0001)	  (Appendix	  6).	  	  Excluded	  records	  were	  women	  who	  were	  
more	  likely	  to	  be	  black	  and	  to	  have	  SGA	  or	  LBW	  infants,	  more	  likely	  to	  have	  completed	  high	  
school	  or	  college,	  more	  likely	  to	  be	  foreign-­‐born,	  less	  likely	  to	  be	  married,	  more	  likely	  to	  receive	  
public	  assistance	  and	  less	  likely	  to	  have	  health	  insurance	  coverage.	  Excluded	  records	  were	  also	  
more	  likely	  to	  use	  alcohol	  during	  pregnancy,	  and	  were	  less	  likely	  to	  gain	  ≤40	  pounds	  during	  
pregnancy	  and	  receive	  adequate	  prenatal	  care.	  	  Moreover,	  they	  had	  a	  lower	  average	  
gestational	  age,	  were	  more	  likely	  to	  be	  primiparous,	  have	  a	  male	  infant,	  a	  lower	  Apgar	  score	  at	  
five	  minutes,	  and	  report	  gestational	  and/or	  chronic	  diabetes,	  and	  placental	  abruption.	  	  The	  
statistical	  significance	  of	  differences	  may	  have	  been	  due	  in	  part	  to	  the	  large	  number	  of	  records	  
used	  in	  the	  analysis.	  
	  
Statistical	  analysis	  	  
Descriptive	  statistics	  were	  presented	  for	  continuous	  variables	  using	  means	  and	  medians,	  and	  
for	  binary	  and	  categorical	  variables	  using	  frequencies	  and	  proportions.	  	  Differences	  and	  
associations	  for	  individual-­‐	  and	  neighborhood-­‐level	  characteristics	  with	  race/ethnic	  groups	  
were	  determined	  using	  ANOVA	  (for	  continuous	  variables)	  and	  chi-­‐square	  (for	  categorical	  
variables)	  statistics.	  	  Correlation	  between	  independent	  variables	  was	  examined	  using	  the	  
Spearman	  rank	  correlation	  coefficient.	  	  
30	  
	  
To	  determine	  the	  variables	  considered	  as	  covariates,	  the	  association	  of	  each	  independent	  
variable	  with	  LBW	  and	  with	  SGA	  was	  examined.	  	  Variables	  associated	  with	  the	  outcomes	  were	  
then	  assessed	  individually	  to	  evaluate	  their	  impact	  on	  the	  association	  of	  race/ethnicity	  with	  
LBW	  and	  SGA.	  	  Multilevel	  logistic	  models	  were	  fit	  with	  random	  effects	  to	  estimate	  the	  strength	  
of	  the	  association	  between	  race/ethnicity	  and	  SGA	  before	  and	  after	  adjusting	  for	  selected	  
characteristics,	  while	  accounting	  for	  the	  correlation	  between	  observations	  within	  the	  same	  UHF	  
neighborhood.	  	  Four	  models	  were	  fitted	  to	  estimate	  this	  association.	  	  The	  crude	  model	  assessed	  
the	  relationship	  of	  race/ethnicity	  with	  SGA;	  in	  addition	  to	  race/ethnicity,	  Model	  1	  controlled	  for	  
maternal	  age,	  educational	  attainment	  and	  marital	  status;	  Model	  2	  added	  maternal	  nativity	  
status	  as	  a	  covariate	  and	  Model	  3	  further	  included	  neighborhood	  SE	  score.	  	  Analyses	  using	  
these	  four	  models	  were	  repeated	  with	  LBW	  and	  with	  birthweight	  measured	  continuously	  as	  
outcomes,	  accounting	  for	  sex	  of	  the	  infant	  (male/	  female)	  in	  Model	  1.	  	  For	  the	  continuous	  
measure,	  multilevel	  linear	  regression	  models	  fit	  with	  random	  effects	  were	  used	  to	  estimate	  
mean	  birthweight	  and	  95%	  confidence	  intervals.	  	  
	  
The	  Intraclass	  Correlation	  Coefficient	  (ICC)	  was	  used	  to	  estimate	  the	  proportion	  of	  variance	  in	  
SGA	  (or	  LBW	  or	  continuous	  birthweight	  measure)	  due	  to	  neighborhood-­‐level	  factors.	  	  In	  light	  of	  
challenges	  in	  calculating	  the	  ICC	  for	  logistic	  models	  with	  random	  effects92,	  the	  pseudo-­‐ICC	  was	  
calculated	  employing	  an	  approach	  developed	  by	  Snijders	  and	  Boskers93	  to	  calculate	  the	  pseudo-­‐
ICC	  used	  effectively	  in	  past	  research	  (ICC=	  UHF-­‐level	  variance/	  UHF-­‐level	  variance	  +	  π)	  92,	  94.	  	  To	  
measure	  the	  strength	  of	  the	  influence	  of	  neighborhood	  factors,	  the	  median	  odds	  ratio	  (MOR)	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was	  calculated:	  MOR	  =	  exp	  [	  √(2	  x	  UHF-­‐level	  variance)	  x	  0.6745	  ],	  where	  0.6745	  is	  a	  constant.	  	  
Further	  details	  on	  this	  calculation	  have	  been	  explained	  elsewhere95.	  	  The	  MOR	  quantifies	  
neighborhood	  variation	  in	  SGA	  (or	  LBW)	  by	  comparing	  women	  from	  two	  randomly	  chosen	  
neighborhoods.	  	  In	  the	  context	  of	  this	  study,	  the	  MOR	  represents	  the	  median	  value	  of	  the	  odds	  
ratio	  between	  the	  neighborhood	  at	  higher	  risk	  (more	  disadvantaged)	  for	  SGA	  (or	  LBW)	  and	  the	  
neighborhood	  at	  lower	  risk	  (less	  disadvantaged).	  	  An	  important	  feature	  of	  the	  MOR	  is	  that	  it	  
translates	  neighborhood-­‐level	  variance	  into	  a	  scale	  comparable	  with	  the	  conventional	  odds	  
ratio.	  	  It	  is	  always	  greater	  than	  or	  equal	  to	  1,	  with	  an	  MOR=1	  indicating	  no	  variation	  between	  
neighborhoods.	  	  	  
	  
Interaction	  terms	  for	  race/ethnicity	  by	  maternal	  nativity	  status	  were	  included	  in	  the	  final	  model	  
to	  examine	  whether	  the	  association	  of	  race/ethnicity	  with	  SGA	  differed	  according	  to	  maternal	  
birthplace.	  	  This	  interaction	  was	  also	  tested	  for	  LBW	  and	  for	  birthweight	  measured	  
continuously.	  	  	  All	  data	  analyses	  were	  carried	  out	  using	  SAS96.	  
	  
Results	  	  
Table	  2.1	  describes	  the	  final	  sample	  comprising	  460,881	  women	  (31.6%	  white,	  28.4%	  black	  and	  
40%	  Hispanic)	  in	  42	  UHF	  neighborhoods.	  	  Overall,	  the	  mean	  maternal	  age	  was	  28.2	  years.	  	  
Approximately	  half	  of	  the	  women	  in	  the	  sample	  were	  foreign	  born	  (49.8%),	  classified	  as	  married	  
(49.5%)	  and	  received	  some	  form	  of	  public	  assistance	  (52.7%).	  	  Most	  women	  had	  either	  
completed	  high	  school	  (31.8%)	  or	  had	  completed	  college	  (24.6%).	  	  Virtually	  all	  women	  in	  the	  
sample	  had	  health	  insurance	  coverage	  (97.9%)	  and	  received	  adequate	  prenatal	  care	  (96.0%).	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The	  average	  woman	  had	  a	  pregnancy	  lasting	  38.8	  weeks,	  during	  which	  she	  gained	  30.8	  pounds.	  	  
Most	  births	  were	  to	  multiparous	  women	  (55.3%,	  versus	  44.7%	  to	  nulliparous)	  and	  overall,	  
infants	  had	  a	  mean	  five-­‐minute	  Apgar	  score	  of	  9.0.	  	  The	  incidence	  of	  pregnancy	  risk	  factors	  
(anemia,	  gestational	  and	  chronic	  diabetes,	  preeclampsia/eclampsia,	  placental	  abruption	  and	  
placenta	  previa)	  were	  within	  the	  range	  of	  what	  has	  been	  commonly	  reported	  in	  the	  U.S.97-­‐99.	  	  
Less	  than	  2%	  of	  women	  reported	  using	  alcohol	  and/or	  tobacco	  during	  pregnancy.	  	  	  
	  
Hispanics	  were	  more	  likely	  to	  be	  younger,	  and	  more	  than	  twice	  as	  likely	  (65.7%)	  as	  their	  white	  
counterparts	  (33.0%),	  and	  a	  third	  more	  likely	  than	  their	  black	  counterparts	  (46.1%)	  to	  be	  
foreign-­‐born	  (Table	  2.1).	  	  Hispanic	  women	  were	  also	  more	  likely	  to	  have	  less	  than	  a	  high	  school	  
education	  (38.5%)	  as	  compared	  with	  black	  (22.1%)	  and	  white	  women	  (6.3%).	  	  Moreover,	  white	  
women	  (49.8%)	  were	  three	  times	  more	  likely	  than	  black	  women	  (16.4%)	  and	  close	  to	  five	  times	  
more	  likely	  than	  Hispanic	  women	  (10.5%)	  to	  have	  completed	  college.	  	  White	  women	  were	  
approximately	  three	  times	  as	  likely	  to	  be	  married	  (87.7%)	  as	  compared	  to	  their	  black	  (31.2%)	  
and	  Hispanic	  (32.2%)	  counterparts.	  	  Disparities	  were	  also	  evident	  in	  that	  Hispanic	  (68.8%)	  and	  
black	  (64.1%)	  women	  were	  over	  three	  times	  as	  likely	  to	  receive	  public	  assistance	  as	  white	  
women	  (22.2%).	  All	  statistical	  comparisons	  were	  significant	  at	  p	  <	  0.0001.	  	  	  
	  
Differences	  in	  pregnancy	  and	  birth	  characteristics	  were	  less	  marked.	  	  White	  women	  (49.0%)	  
were	  more	  likely	  to	  be	  nulliparous	  than	  Hispanic	  (42.1%)	  and	  black	  women	  (43.7%).	  	  Certain	  
characteristics	  were	  very	  similar	  across	  race/ethnic	  groups,	  i.e.	  Apgar	  scores,	  proportions	  of	  
women	  receiving	  adequate	  prenatal	  care,	  of	  women	  with	  placental	  abruption,	  and	  of	  women	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with	  placenta	  previa.	  	  Black	  women	  were	  at	  a	  modest	  disadvantage	  in	  terms	  of	  some	  pregnancy	  
risk	  factors,	  as	  they	  were	  more	  likely	  than	  both	  white	  and	  Hispanic	  women	  to	  suffer	  maternal	  
anemia	  (2.8%	  versus	  0.8%	  and	  1.8%)	  and	  preeclampsia	  and/or	  eclampsia	  (3.5%	  versus	  1.3%	  and	  
2.7%),	  and	  more	  likely	  than	  white	  women	  to	  have	  chronic	  and/or	  gestational	  diabetes	  (4.4%	  
versus	  2.7%).	  	  Black	  women	  were	  slightly	  more	  likely	  to	  report	  alcohol	  use	  during	  pregnancy	  
(0.3%)	  as	  compared	  with	  white	  (0.2%)	  and	  Hispanic	  women	  (0.1%),	  and	  about	  twice	  as	  likely	  to	  
report	  tobacco	  use	  during	  pregnancy	  (3.0%)	  than	  their	  white	  (1.4%)	  and	  Hispanic	  (1.5%)	  
counterparts.	  All	  statistical	  comparisons	  were	  significant	  at	  p	  <	  0.0001.	  	  	  
	  
The	  mean	  neighborhood	  score	  across	  all	  UHF	  neighborhoods	  was	  –0.4,	  with	  a	  low	  mean	  score	  
of	  –2.4	  (Hispanics)	  and	  a	  high	  mean	  score	  of	  3.9	  (whites).	  	  	  In	  comparison	  with	  national	  figures,	  
certain	  neighborhood	  characteristics	  such	  as	  the	  median	  household	  income	  ($36,300	  versus	  
$42,000100)	  and	  the	  mean	  proportion	  of	  households	  earning	  interest,	  dividends	  or	  rental	  
income	  (24.2%	  versus	  36%101)	  were	  lower	  than	  the	  U.S.	  median	  in	  1999,	  while	  the	  value	  of	  
housing	  units	  ($101,100	  versus	  $221,300102)	  was	  greater	  than	  the	  U.S.	  median	  in	  1999.	  	  In	  the	  
average	  NYC	  neighborhood,	  black	  residents	  constituted	  one-­‐third	  of	  the	  population	  and	  18.1%	  
of	  households	  including	  children	  and	  were	  headed	  by	  single	  adults.	  	  Approximately	  70%	  and	  
23%	  of	  its	  residents	  had	  completed	  high	  school	  and	  college,	  respectively,	  and	  one-­‐third	  held	  
professional-­‐level	  employment.	  	  One-­‐fourth	  of	  the	  population	  in	  the	  average	  neighborhood	  was	  
living	  in	  poverty,	  although	  only	  10%	  of	  its	  residents	  received	  public	  assistance.	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Consistent	  with	  differences	  observed	  at	  the	  individual	  level,	  contextual	  variables	  were	  more	  
favorable	  for	  white	  women	  than	  for	  their	  Hispanic	  and	  black	  counterparts,	  reflecting	  greater	  
wealth	  through	  higher	  income,	  more	  sources	  of	  revenue	  and	  higher	  housing	  values	  as	  well	  as	  
greater	  educational	  achievement	  and	  professional	  status	  of	  the	  local	  population	  in	  their	  home	  
communities	  (Table	  2.1).	  	  For	  example,	  the	  proportion	  of	  adults	  having	  completed	  college	  in	  
neighborhoods	  where	  white	  women	  resided	  (33.8)	  was	  approximately	  double	  that	  of	  
neighborhoods	  of	  black	  and	  Hispanic	  women	  (18.7	  and	  17.8,	  respectively).	  	  All	  statistical	  
comparisons	  were	  significant	  at	  p	  <	  0.0001.	  	  	  	  	  
	  
The	  incidence	  proportions	  of	  SGA	  and	  LBW	  in	  the	  overall	  population	  were	  12.1	  and	  6.7	  per	  100,	  
respectively	  (Table	  2.2).	  	  They	  were	  highest	  among	  multiparous	  mothers	  who	  were	  younger	  
(15-­‐28	  years),	  were	  U.S.-­‐born,	  had	  completed	  less	  than	  12	  years	  of	  education,	  were	  unmarried,	  
received	  public	  assistance	  and	  had	  no	  health	  insurance.	  	  Most	  pregnancy-­‐related	  risk	  factors	  
and	  behaviors	  in	  the	  study	  were	  also	  associated	  with	  an	  increase	  in	  SGA	  and	  LBW,	  as	  seen	  for	  
women	  who	  did	  not	  receive	  prenatal	  care,	  who	  suffered	  anemia,	  preeclampsia	  or	  eclampsia,	  
placental	  abruption	  or	  placenta	  previa,	  or	  who	  reported	  using	  alcohol	  or	  tobacco	  during	  
pregnancy.	  	  Both	  SGA	  and	  LBW	  incidence	  decreased	  from	  the	  most	  disadvantaged	  (Quintile	  1)	  
to	  most	  advantaged	  (Quintile	  5)	  categories	  of	  SE	  score,	  evidencing	  the	  inverse	  relationship	  
between	  these	  measures	  of	  birthweight	  and	  infant	  size	  with	  neighborhood	  advantage.	  	  The	  
influence	  of	  gestational/	  chronic	  diabetes	  did	  not	  follow	  the	  same	  pattern	  across	  the	  two	  
measures	  in	  the	  overall	  population:	  women	  suffering	  gestational	  and/or	  chronic	  diabetes	  had	  a	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significantly	  lower	  incidence	  of	  SGA,	  but	  significantly	  higher	  incidence	  of	  LBW,	  as	  compared	  to	  
women	  without	  a	  diabetic	  condition.	  All	  statistical	  comparisons	  were	  significant	  at	  p	  <	  0.0001.	  
	  
The	  highest	  incidence	  proportion	  of	  women	  bearing	  an	  SGA	  infant	  was	  observed	  among	  non-­‐
Hispanic	  black	  mothers	  (16.0)	  followed	  by	  Hispanic	  (11.4)	  and	  non-­‐Hispanic	  white	  mothers	  (9.5)	  
(Table	  2.2).	  	  Variations	  by	  individual	  and	  neighborhood	  characteristics	  within	  race/ethnic	  
groups	  largely	  followed	  the	  same	  patterns	  observed	  in	  the	  overall	  population.	  	  The	  highest	  
incidence	  proportion	  of	  SGA	  among	  white	  women	  was	  in	  those	  who	  reported	  tobacco	  use	  
during	  pregnancy	  (16.2)	  and	  in	  those	  who	  did	  not	  receive	  prenatal	  care	  (15.0).	  	  Among	  black	  
women,	  the	  risk	  of	  having	  an	  SGA	  infant	  was	  greatest	  for	  those	  with	  preeclampsia	  and/or	  
eclampsia	  (27.7)	  and	  those	  reporting	  tobacco	  (26.6)	  or	  alcohol	  use	  (26.0)	  during	  pregnancy.	  	  
Hispanic	  women	  exhibiting	  the	  highest	  risk	  of	  having	  an	  SGA	  infant	  were	  those	  suffering	  from	  
preeclampsia	  and/or	  eclampsia	  (23.6)	  and	  those	  who	  reported	  tobacco	  use	  in	  pregnancy	  (20.1).	  
All	  statistical	  comparisons	  were	  significant	  at	  p	  <	  0.0001.	  
	  
Among	  Hispanic	  mothers,	  the	  incidence	  proportion	  of	  women	  bearing	  an	  SGA	  infant	  
progressively	  decreased	  from	  the	  lowest	  (12.3)	  to	  the	  highest	  SE	  score	  quintile	  (10.5).	  	  In	  
contrast,	  the	  incidence	  proportion	  of	  SGA	  among	  black	  mothers	  peaked	  at	  the	  quintiles	  
representing	  greatest	  SE	  disadvantage	  (17.0),	  intermediate	  SE	  advantage	  (16.5)	  and	  greatest	  SE	  
advantage	  (16.1).	  	  The	  risk	  of	  an	  SGA	  infant	  among	  white	  mothers	  peaked	  in	  the	  quintile	  of	  
intermediate	  SE	  advantage	  (10.0).	  All	  statistical	  comparisons	  were	  significant	  at	  p	  <	  0.0001.	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Like	  SGA,	  the	  proportion	  of	  women	  bearing	  an	  LBW	  infant	  was	  highest	  among	  non-­‐Hispanic	  
black	  mothers	  (10.2),	  followed	  by	  Hispanic	  (6.3)	  and	  non-­‐Hispanic	  white	  mothers	  (3.9)	  (Table	  
2.2).	  	  Although	  the	  estimates	  were	  lower	  than	  for	  SGA,	  similar	  patterns	  were	  observed	  for	  LBW	  
across	  all	  race/ethnic	  groups	  with	  regard	  to	  maternal	  age,	  nativity	  status,	  educational	  
attainment,	  marital	  status,	  infant	  birth	  order,	  prenatal	  care,	  preeclampsia	  and/or	  eclampsia,	  
placental	  abruption,	  placenta	  previa,	  and	  tobacco	  use	  during	  pregnancy.	  	  Across	  SE	  score	  
quintiles,	  LBW	  incidence	  varied	  significantly	  among	  Hispanic	  mothers	  only,	  demonstrating	  an	  
inverse	  relationship	  with	  neighborhood	  advantage.	  All	  statistical	  comparisons	  were	  significant	  
at	  p	  <	  0.0001.	  	  	  
	  
Table	  2.3	  presents	  the	  results	  of	  multilevel	  logistic	  regression	  analysis	  for	  SGA,	  including	  
measures	  of	  variation	  and	  clustering.	  	  While	  the	  variance	  estimates	  of	  all	  the	  models	  were	  
statistically	  significant	  (<0.0001),	  the	  ICC	  (range:	  0.004-­‐0.014)	  indicated	  that	  most	  of	  the	  
variance	  in	  SGA	  could	  not	  be	  explained	  by	  factors	  at	  the	  UHF	  neighborhood	  level.	  	  Accordingly,	  
the	  contribution	  of	  maternal	  race/ethnicity	  (Crude	  model)	  to	  the	  variation	  of	  SGA	  was	  
considerable	  (-­‐65.5%).	  	  The	  proportional	  change	  in	  variance	  for	  models	  1,	  2	  and	  3	  (-­‐14.5,	  -­‐2.7,	  -­‐
6.1,	  respectively)	  indicated	  that	  maternal	  demographic	  characteristics,	  birthplace	  and	  
neighborhood	  SE	  score	  exerted	  a	  far	  more	  modest	  influence	  on	  SGA.	  	  Maternal	  race/ethnicity	  
was	  the	  most	  prominent	  factor	  in	  explaining	  SGA	  variation	  throughout	  all	  the	  models.	  
	  
The	  MOR	  of	  the	  empty	  SGA	  model	  (1.22)	  suggested	  some	  neighborhood-­‐level	  variation,	  and	  
more	  specifically,	  indicated	  that	  in	  the	  absence	  of	  any	  covariates,	  a	  woman’s	  risk	  of	  having	  an	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SGA	  infant	  would	  increase	  1.22	  times,	  in	  median,	  if	  she	  moved	  to	  a	  more	  disadvantaged	  
neighborhood.	  	  The	  attenuation	  of	  the	  MOR	  in	  the	  ensuing	  models	  (crude	  model:	  1.13,	  Model	  
1:	  1.12,	  Models	  2:	  1.11	  and	  Model	  3:	  1.11)	  showed	  that	  in	  the	  presence	  of	  the	  individual-­‐level	  
covariates	  specified	  in	  each	  model,	  the	  contribution	  of	  contextual	  conditions	  diminished	  and	  
that	  the	  clustering	  of	  women	  in	  neighborhoods	  had	  a	  minor	  effect	  on	  their	  risk	  of	  SGA.	  	  This	  
highlights	  the	  importance	  of	  individual-­‐level	  characteristics	  underscored	  by	  the	  ICC.	  
	  
The	  crude	  and	  adjusted	  estimates	  for	  SGA	  according	  to	  race/ethnicity	  are	  also	  presented	  in	  
Table	  2.3.	  	  In	  the	  unadjusted	  analysis,	  the	  odds	  among	  black	  mothers	  of	  having	  an	  SGA	  infant	  
were	  1.7	  (95%CI:1.65,1.75)	  times	  greater	  and	  those	  of	  Hispanic	  women	  1.17	  (95%CI:1.13,1.20)	  
times	  greater	  than	  the	  odds	  of	  white	  mothers.	  	  For	  black	  mothers,	  this	  association	  persisted	  but	  
became	  attenuated	  (OR:1.47;	  95%CI:1.43,1.52)	  with	  the	  inclusion	  of	  maternal	  age,	  educational	  
attainment	  and	  marital	  status	  into	  the	  model	  (Model	  1),	  while	  disappearing	  altogether	  for	  
Hispanic	  mothers	  (OR:0.98;95%CI:0.95,1.01).	  	  After	  controlling	  for	  maternal	  nativity	  status	  
(Model	  2),	  the	  association	  identified	  under	  Model	  1	  strengthened	  minimally	  for	  both	  black	  
(OR:1.50;	  95%CI:1.46,1.55)	  and	  Hispanic	  (OR:1.03;95%CI:1.00,1.06)	  mothers.	  	  SE	  score	  
appeared	  to	  have	  no	  impact	  on	  the	  relationship	  between	  race/ethnicity	  and	  SGA,	  given	  that	  the	  
association	  for	  both	  black	  (OR:1.50;	  95%CI:1.45,1.55)	  and	  Hispanic	  (OR:1.03;95%CI:1.00,1.06)	  
mothers	  remained	  constant	  after	  the	  addition	  of	  SE	  score	  in	  Model	  3.	  
	  	  
Table	  2.4	  presents	  the	  results	  of	  the	  LBW	  analysis,	  which	  closely	  mirror	  the	  SGA	  findings.	  	  
Although	  the	  variance	  estimates	  across	  all	  models	  were	  statistically	  significant	  (<0.0001),	  the	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ICC	  (range:	  0.002-­‐0.026)	  suggested	  that	  only	  a	  minimal	  fraction	  of	  the	  variance	  in	  LBW	  could	  be	  
explained	  by	  contextual	  factors.	  As	  with	  SGA,	  the	  inclusion	  of	  maternal	  race/ethnicity	  in	  the	  
model	  (Crude	  model)	  explained	  a	  substantial	  proportion	  of	  the	  variance	  in	  LBW	  (-­‐	  90.9),	  while	  
the	  subsequent	  inclusion	  of	  maternal	  demographic	  characteristics	  (Model	  1),	  maternal	  nativity	  
status	  (Model	  2)	  and	  neighborhood	  SE	  score	  (Model	  3)	  had	  far	  less	  additional	  impact	  (-­‐23.1,	  -­‐
5.6,	  -­‐2.9,	  respectively).	  	  	  The	  MOR	  of	  the	  empty	  model	  (1.33)	  suggested	  some	  contribution	  of	  
neighborhood-­‐level	  factors	  to	  the	  variation	  in	  LBW.	  	  As	  with	  SGA,	  the	  importance	  of	  this	  
contribution	  was	  attenuated	  in	  subsequent	  models	  (crude	  model:	  1.09,	  Model	  1:	  1.08,	  Model	  2:	  
1.08,	  Model	  3:	  1.07),	  but	  to	  a	  greater	  degree	  than	  in	  the	  SGA	  models.	  
	  
Overall,	  the	  OR	  estimates	  observed	  for	  LBW	  were	  appreciably	  larger	  than	  in	  the	  association	  
with	  SGA,	  though	  similar	  patterns	  prevailed	  across	  the	  unadjusted	  and	  adjusted	  analyses	  (Table	  
2.4).	  	  As	  compared	  to	  white	  mothers,	  the	  unadjusted	  odds	  of	  having	  a	  LBW	  infant	  was	  2.5	  
(95%CI:2.44,2.65)	  times	  greater	  among	  black	  mothers	  and	  1.6	  (95%CI:1.51,1.63)	  times	  greater	  
among	  Hispanic	  mothers.	  	  Once	  maternal	  age,	  education	  and	  marital	  status	  were	  controlled	  for	  
(Model	  1),	  the	  association	  of	  race/ethnicity	  with	  LBW	  persisted	  but	  was	  attenuated	  for	  both	  
black	  (OR:2.15;	  95%CI:2.07,2.25)	  and	  Hispanic	  (OR:1.32;95%CI:1.26,1.37)	  mothers.	  	  The	  
association	  became	  stronger	  for	  both	  black	  and	  Hispanic	  mothers	  (OR:2.26;	  95%CI:2.17,2.36;	  
OR:1.47;	  95%CI:1.41,1.53)	  with	  the	  inclusion	  of	  maternal	  birthplace	  (Model	  2),	  suggesting	  the	  
negative	  confounding	  that	  was	  also	  observed	  with	  SGA.	  	  Ultimately,	  the	  strength	  of	  the	  




While	  the	  value	  of	  the	  ICC	  for	  the	  empty	  model	  was	  smaller	  (0.010),	  the	  variation	  of	  mean	  
birthweight	  at	  both	  the	  individual	  and	  neighborhood	  level	  (Table	  2.5)	  resembled	  that	  seen	  for	  
SGA	  and	  LBW.	  	  The	  proportional	  change	  in	  variance	  was	  most	  substantial	  with	  the	  inclusion	  of	  
race/ethnicity	  in	  the	  crude	  model	  (-­‐76.2%)	  and	  the	  ICC	  reflected	  the	  minor	  contribution	  of	  
neighborhood	  conditions	  to	  birthweight	  variance	  (0.3%)	  in	  the	  presence	  of	  covariates	  in	  Models	  
1,	  2,	  and	  3.	  	  The	  random	  effects	  for	  race/ethnicity	  were	  significant	  (<	  0.0001)	  in	  each	  of	  the	  four	  
models	  examined,	  indicating	  that	  the	  effect	  of	  being	  black	  or	  Hispanic	  on	  birthweight	  varied	  
significantly	  across	  neighborhoods.	  	  	  
	  
In	  the	  unadjusted	  analysis,	  the	  mean	  birthweight	  of	  infants	  born	  to	  black	  and	  Hispanic	  mothers	  
was	  on	  average	  185.7	  and	  81.1	  grams	  less	  than	  that	  of	  infants	  born	  to	  white	  mothers,	  
respectively	  (Table	  2.5).	  	  This	  difference	  narrowed	  (-­‐148.4	  and	  -­‐39.1,	  respectively)	  with	  the	  
inclusion	  of	  maternal	  demographic	  characteristics	  (Model	  1)	  but	  widened	  once	  more	  (-­‐152.8	  
and	  -­‐53.5,	  respectively)	  when	  maternal	  birthplace	  was	  accounted	  for	  (Model	  2).	  	  The	  addition	  
of	  neighborhood	  SE	  (Model	  3)	  did	  not	  alter	  the	  estimate.	  	  
	  
Given	  the	  statistical	  significance	  (p	  <	  0.0001)	  of	  the	  interaction	  terms	  (race/ethnicity*nativity	  
status)	  in	  the	  full	  models	  with	  each	  measure	  of	  birthweight	  or	  infant	  size,	  stratified	  analyses	  
were	  conducted	  to	  examine	  effect	  measure	  modification	  by	  maternal	  nativity	  status	  of	  the	  
association	  between	  race/ethnicity	  and	  each	  of	  the	  	  measures	  (Tables	  2.6	  and	  2.7).	  The	  ICC	  in	  
the	  stratified	  SGA	  models	  indicated	  that	  for	  U.S.-­‐	  and	  foreign-­‐born	  women,	  0.4%	  and	  0.3%	  of	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the	  variance	  in	  SGA	  could	  be	  explained	  by	  neighborhood-­‐level	  factors.	  	  As	  with	  SGA,	  the	  
contribution	  of	  contextual	  variables	  in	  the	  models	  with	  LBW	  (0.1%)	  and	  of	  those	  in	  the	  model	  
with	  mean	  birthweight	  (0.3%)	  was	  negligible	  across	  the	  nativity	  strata.	  	  	  
	  
Overall,	  the	  odds	  of	  having	  an	  SGA	  infant	  exhibited	  by	  foreign-­‐born	  women	  were	  lower	  than	  
those	  of	  their	  U.S.-­‐born	  counterparts.	  The	  highest	  odds	  relative	  to	  whites	  were	  detected	  among	  
U.S.-­‐born	  black	  women	  (OR:1.50;95%CI:1.43,1.57),	  while	  a	  weak	  association	  was	  observed	  for	  
U.S.-­‐born	  Hispanic	  women	  (OR:1.08;95%CI:1.03,1.13),	  as	  compared	  to	  their	  U.S.-­‐born	  white	  
counterparts.	  	  Similarly,	  foreign-­‐born	  black	  women	  demonstrated	  significantly	  greater	  odds	  of	  
an	  SGA	  infant	  (OR:1.44;95%CI:1.34,1.55),	  while	  no	  association	  was	  detected	  at	  all	  for	  foreign-­‐
born	  Hispanic	  women	  (OR:0.98;95%CI:0.93,1.03),	  as	  compared	  to	  foreign-­‐born	  whites.	  	  
	  
Heterogeneity	  by	  maternal	  birthplace	  was	  also	  observed	  for	  LBW,	  with	  estimates	  that	  were	  
larger	  than	  those	  observed	  with	  SGA,	  overall	  (Table	  2.6).	  	  Among	  women	  born	  in	  the	  U.S.,	  black	  
women	  displayed	  over	  twice	  the	  risk	  of	  having	  a	  LBW	  infant	  (OR:2.26;	  95%CI:2.13,2.41)	  while	  
Hispanic	  women	  had	  more	  than	  50%	  greater	  risk	  (OR:1.57;	  95%CI:1.47,1.67),	  as	  compared	  to	  
their	  white	  counterparts.	  	  These	  differences	  were	  slightly	  attenuated	  among	  foreign-­‐born	  
women	  but	  remained	  strong,	  with	  the	  risk	  among	  black	  women	  still	  double	  (OR:2.15;	  
95%CI:1.98,2.34)	  and	  the	  risk	  among	  Hispanic	  women	  approximately	  30%	  greater	  (OR:1.33;	  
95%CI:1.24,1.44)	  than	  that	  of	  their	  white	  counterparts.	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Mean	  birthweight	  also	  varied	  significantly	  by	  maternal	  place	  of	  birth	  (p	  <	  0.0001).	  	  As	  compared	  
to	  infants	  of	  U.S.-­‐born	  white	  mothers,	  infants	  of	  U.S.-­‐born	  black	  mothers	  were	  on	  average	  
158.4	  g.	  lighter	  and	  those	  born	  to	  U.S.-­‐born	  Hispanic	  mothers	  were	  on	  average	  61	  g.	  lighter.	  	  
This	  gap	  narrowed	  among	  foreign-­‐born	  women,	  with	  the	  mean	  birthweight	  for	  infants	  of	  black	  
mothers	  129.8	  g.	  less	  and	  that	  for	  infants	  of	  Hispanic	  mothers	  39.8	  g.	  less	  than	  that	  for	  infants	  
of	  their	  white	  counterparts.	  	  	  
	  
Discussion	  
This	  study	  of	  low	  birthweight	  and	  SGA	  among	  infants	  born	  in	  NYC	  found	  that	  relative	  to	  non-­‐
Hispanic	  white	  women,	  non-­‐Hispanic	  black	  women	  experienced	  greater	  risk	  and	  Hispanic	  
women	  similar	  risk	  of	  having	  an	  SGA	  infant	  in	  a	  fully	  adjusted	  model.	  For	  LBW,	  while	  the	  risk	  
was	  twice	  greater	  for	  black	  women,	  Hispanic	  women	  exhibited	  a	  risk	  close	  to	  50%	  greater	  than	  
their	  white	  counterparts.	  These	  same	  differences	  were	  observed	  for	  mean	  birthweight,	  which	  
was	  significantly	  lower	  for	  infants	  born	  to	  black	  and	  Hispanic	  women	  as	  compared	  to	  those	  
born	  to	  white	  women,	  after	  adjusting	  for	  all	  covariates.	  	  In	  addition,	  the	  relationship	  between	  
race/ethnicity	  and	  measures	  of	  birthweight	  depended	  on	  maternal	  nativity	  status,	  with	  infants	  
of	  foreign-­‐born	  women	  experiencing	  more	  favorable	  birthweight	  outcomes	  relative	  to	  their	  
U.S.-­‐born	  counterparts.	  	  Moreover,	  the	  clustering	  of	  women	  in	  their	  neighborhoods	  of	  
residence,	  while	  statistically	  significant	  across	  all	  the	  analyses,	  contributed	  minimally	  to	  the	  
overall	  variance	  in	  measures	  of	  birthweight	  or	  infant	  size.	  	  Maternal	  race/ethnicity	  was	  the	  




The	  elevated	  odds	  for	  adverse	  outcomes	  (SGA	  and	  LBW)	  and	  lower	  mean	  birthweight	  observed	  
among	  black	  women	  is	  consistent	  with	  past	  research,	  indicating	  that	  infants	  born	  to	  black	  
mothers	  are	  at	  greater	  risk	  than	  their	  white	  and	  Hispanic	  counterparts	  15,	  18,	  20,	  21.	  	  However,	  the	  
findings	  pertaining	  to	  Hispanic	  women	  do	  not	  support	  the	  Hispanic	  birthweight	  paradox	  in	  the	  
strictest	  sense.	  	  As	  originally	  defined,	  the	  paradox	  referred	  to	  Hispanics	  exhibiting	  equal	  or	  
lesser	  low	  birthweight	  risk	  than	  whites22.	  	  Consistent	  with	  past	  studies	  supporting	  the	  Hispanic	  
birthweight	  paradox22,	  26,	  27,	  30,	  31,	  45,	  46,	  the	  present	  analysis	  identified	  SGA	  odds	  among	  Hispanics	  
similar	  to	  those	  of	  whites	  (1.03;	  95%CI:1.00,1.06).	  	  However,	  the	  adjusted	  LBW	  odds	  of	  Hispanic	  
women	  in	  this	  study	  were	  significantly	  higher	  as	  compared	  to	  white	  women,	  in	  contrast	  to	  past	  
research	  which	  found	  LBW	  odds	  among	  Hispanic	  women	  equal	  or	  less	  than	  that	  observed	  for	  
white	  women	  27,	  28,	  31.	  The	  mean	  birthweight	  of	  infants	  born	  to	  Hispanic	  women	  was	  also	  found	  
to	  be	  significantly	  lower	  than	  that	  of	  infants	  of	  white	  women.	  	  These	  results	  are	  consistent	  with	  
research	  conducted	  by	  Stein	  et	  al.	  that	  identified	  increased	  risk	  among	  Hispanic	  subgroups	  and	  
therefore	  concluded	  that	  there	  was	  no	  evidence	  for	  the	  Hispanic	  paradox	  for	  either	  SGA	  or	  
mean	  birthweight	  using	  NYCDOHMH	  data	  55.	  	  Aside	  from	  their	  relevance	  to	  the	  paradox,	  these	  
findings	  underscore	  the	  contrast	  in	  risk	  of	  adverse	  birth	  outcomes	  between	  black	  and	  Hispanic	  
mothers,	  in	  spite	  of	  similar	  levels	  of	  individual-­‐	  and	  neighborhood-­‐level	  disadvantage	  that	  has	  
been	  observed	  throughout	  the	  literature.	  	  
	  	  
This	  study	  also	  revealed	  heterogeneity	  of	  risk	  for	  both	  SGA	  and	  LBW	  by	  maternal	  nativity	  status,	  
as	  well	  as	  significant	  differences	  in	  mean	  birthweight	  across	  nativity	  strata.	  As	  reported	  in	  past	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research48,	  49,	  both	  U.S.-­‐born	  and	  foreign-­‐born	  black	  women	  had	  higher	  odds	  of	  bearing	  a	  low	  
birthweight	  infant	  and	  gave	  birth	  to	  children	  who	  on	  average	  weighed	  less,	  as	  compared	  to	  
their	  white	  counterparts.	  	  In	  line	  with	  past	  findings48,	  49,	  this	  study	  found	  that	  foreign-­‐born	  black	  
women	  had	  more	  favorable	  SGA,	  LBW	  and	  mean	  birthweight	  outcomes	  relative	  to	  their	  U.S.-­‐
born	  black	  counterparts.	  	  The	  attenuation	  of	  risk	  observed	  with	  foreign	  birth	  among	  Hispanics	  
across	  all	  outcome	  measures	  in	  this	  data	  is	  consistent	  with	  previous	  studies	  using	  both	  
national25,	  28,	  32,	  33	  and	  NYC	  samples	  43,	  47,	  some	  of	  which	  have	  examined	  nativity	  while	  also	  
disaggregating	  Hispanic	  ancestry	  subgroups.	  	  However,	  a	  new	  finding	  of	  this	  research	  is	  the	  risk	  
for	  LBW	  among	  foreign-­‐born	  Hispanic	  women	  similar	  to	  that	  of	  whites,	  since	  in	  past	  analyses	  
foreign-­‐born	  Hispanics	  have	  commonly	  exhibited	  the	  lowest	  risk,	  as	  compared	  to	  non-­‐Hispanic	  
white	  women.	  	  Furthermore,	  although	  neighborhood	  conditions	  have	  not	  played	  a	  prominent	  
role	  in	  this	  analysis,	  the	  larger	  SGA	  MOR	  among	  U.S.-­‐born	  women	  (1.12)	  relative	  to	  foreign-­‐
born	  women	  (1.09)	  may	  suggest	  that	  context	  plays	  a	  more	  important	  role	  for	  certain	  groups	  
when	  examining	  SGA.	  	  Overall,	  the	  results	  of	  the	  stratified	  analysis	  in	  the	  present	  study	  
underscore	  the	  continuing	  importance	  of	  examining	  nativity	  status	  in	  order	  to	  reveal	  key	  
variations	  of	  risk	  for	  measures	  of	  birthweight	  and	  infant	  size	  among	  Hispanic	  and	  non-­‐Hispanic	  
black	  women.	  
	  
Various	  theories	  have	  been	  proposed	  about	  why	  more	  favorable	  birth	  outcomes,	  and	  
birthweight	  in	  particular,	  are	  observed	  among	  the	  Hispanic	  foreign-­‐born	  population	  in	  the	  U.S.	  	  
Of	  note,	  the	  positive	  influence	  of	  social	  networks	  and	  family	  support50,	  103	  as	  well	  as	  cultural	  
norms	  and	  traditional	  beliefs	  believed	  to	  encourage	  healthy	  behaviors	  in	  terms	  of	  diet	  and	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lifestyle	  18,	  21,	  50-­‐52,	  104,	  are	  thought	  to	  promote	  favorable	  birth	  outcomes.	  	  In	  effect,	  these	  
practices	  may	  confer	  protection	  against	  the	  adverse	  effects	  of	  socioeconomic	  disadvantage,	  
explaining	  the	  apparent	  SES/health	  contradiction	  at	  the	  heart	  of	  the	  Hispanic	  paradox.	  	  
However,	  health-­‐promoting	  cultural	  practices	  among	  foreign-­‐born	  Hispanics	  have	  been	  found	  
to	  wane	  with	  increased	  acculturation50,	  52	  or	  stay	  in	  the	  U.S.49,	  103.	  	  Furthermore,	  research	  has	  
suggested	  that	  among	  pregnant	  Hispanic	  women,	  the	  effect	  of	  increased	  acculturation	  on	  
hormone	  production	  has	  detrimental	  repercussions	  for	  birth	  outcomes,	  which	  supports	  the	  
birthweight	  advantage	  seen	  among	  foreign-­‐born	  Hispanic	  women104,	  105.	  	  Another	  possible	  
explanation	  is	  the	  healthy	  migrant	  effect,	  though	  there	  is	  evidence	  that	  this	  advantage	  in	  terms	  
of	  birth	  outcomes	  varies	  by	  age	  of	  arrival	  and	  length	  of	  stay106,	  variables	  not	  included	  in	  the	  
present	  dataset.	  	  
	  
Inconsistencies	  between	  the	  results	  of	  the	  present	  study	  and	  past	  findings	  may	  be	  owing	  to	  
disparate	  methodological	  approaches,	  which	  was	  one	  of	  the	  main	  motivations	  for	  this	  research.	  	  
One	  of	  the	  primary	  challenges	  inherent	  to	  elucidating	  questions	  about	  the	  Hispanic	  birthweight	  
paradox	  has	  been	  the	  predominant	  use	  of	  LBW	  in	  the	  literature	  20,22,23,26,27,38,39,42,43.	  Past	  
examination	  of	  the	  concurrence	  between	  SGA	  and	  LBW	  has	  made	  clear	  that	  these	  two	  
measures	  are	  not	  equivalent	  to	  one	  another	  and	  that	  they	  capture	  different	  phenomena107.	  	  It	  
is	  not	  surprising,	  therefore,	  that	  each	  measure	  generates	  different	  conclusions	  about	  the	  
paradox.	  	  Accordingly,	  the	  use	  of	  multiple	  measures	  of	  birthweight	  and	  infant	  size	  as	  outcomes	  
of	  interest	  in	  this	  study	  was	  a	  methodological	  improvement	  over	  past	  approaches,	  not	  only	  
given	  the	  limitations	  of	  LBW	  as	  a	  low	  birthweight	  measure54,	  but	  also	  to	  ensure	  comparability	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of	  findings	  with	  research	  using	  other	  outcome	  measures.	  	  Although	  they	  may	  conflict	  with	  prior	  
findings,	  the	  estimates	  for	  SGA,	  LBW	  and	  mean	  birthweight	  in	  this	  study	  emerged	  from	  the	  
same	  dataset,	  and	  therefore	  discrepancies	  among	  them	  may	  be	  assumed	  attributable	  to	  
differences	  intrinsic	  to	  the	  measures	  themselves,	  and	  not	  to	  differences	  in	  the	  population	  or	  
methodological	  characteristics	  of	  independent	  studies.	  	  The	  fact	  that	  the	  outcomes	  of	  LBW	  and	  
mean	  birthweight	  were	  not	  consistent	  with	  the	  Hispanic	  paradox	  may	  reflect	  the	  increased	  risk	  
of	  preterm	  birth	  among	  Puerto	  Rican	  women,	  which	  represent	  the	  largest	  proportion	  of	  births	  
among	  Hispanics	  in	  NYC	  55.	  
	  
Another	  discrepancy	  seen	  in	  research	  exploring	  the	  birthweight	  paradox	  pertains	  to	  study	  
samples.	  	  Some	  have	  relied	  on	  either	  national	  samples26,	  27,	  45	  or	  on	  smaller	  local	  samples	  in	  
locations	  such	  as	  California31,	  in	  which	  the	  majority	  of	  Hispanics	  are	  of	  Mexican	  ancestry.	  	  This	  
compositional	  difference	  may	  hinder	  comparisons	  with	  research	  in	  NYC43,	  47,	  55,	  where	  there	  is	  
far	  greater	  heterogeneity	  within	  the	  Hispanic	  population	  and	  where	  Puerto	  Rican	  and	  
Dominicans	  constitute	  the	  largest	  Hispanic	  groups.	  These	  differences	  may	  explain	  some	  of	  the	  
variation	  in	  findings.	  	  	  
	  
A	  novel	  aspect	  of	  this	  research	  is	  the	  examination	  of	  contextual	  variability	  in	  the	  Hispanic	  
birthweight	  paradox.	  	  Past	  studies	  focusing	  on	  Hispanics	  in	  NYC	  have	  not	  explored	  the	  potential	  
influence	  of	  neighborhood	  factors	  and	  thus	  have	  not	  accounted	  for	  women's	  neighborhoods	  of	  
residence	  in	  their	  analyses	  43,	  47,	  55.	  	  Although	  in	  this	  study	  the	  neighborhood-­‐level	  variance	  
estimates	  were	  statistically	  significant	  in	  the	  analysis,	  individual-­‐level	  variables	  -­‐-­‐	  primarily	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maternal	  race/ethnicity	  -­‐-­‐	  appeared	  to	  explain	  most	  of	  the	  variance	  observed	  in	  each	  measure	  
of	  birthweight	  and	  infant	  size.	  	  The	  lack	  of	  observed	  effect	  of	  neighborhood	  SE	  score	  on	  SGA,	  
LBW	  or	  mean	  birthweight	  signals	  that	  socioeconomic	  context	  may	  not	  be	  an	  important	  
predictor	  of	  low	  birthweight	  or	  small	  infants	  in	  NYC,	  but	  does	  not	  preclude	  the	  significance	  of	  
other	  neighborhood-­‐level	  measures	  not	  considered	  here.	  	  	  	  
	  
The	  absence	  of	  acculturation	  measures	  or	  information	  on	  length	  of	  stay	  in	  the	  U.S	  in	  the	  
NYCDOHMH	  dataset	  should	  be	  noted	  as	  an	  important	  limitation	  of	  this	  study.	  	  This	  lack	  of	  
information	  can	  lead	  to	  considerable	  heterogeneity	  within	  groups,	  as	  both	  recent	  arrivals	  and	  
well-­‐established	  immigrants	  may	  be	  categorized	  as	  foreign-­‐born	  although	  their	  experience	  in	  
the	  U.S.	  and	  cultural	  profile	  may	  differ	  substantially.	  	  	  	  Furthermore,	  though	  the	  NYCDOHMH	  
dataset	  contains	  extensive	  and	  very	  detailed	  data	  on	  pregnancy	  and	  birth	  characteristics,	  it	  
does	  not	  include	  information	  on	  dietary	  habits,	  social	  networks	  or	  support	  of	  women	  which	  are	  
thought	  to	  be	  important	  determinants	  of	  birth	  outcomes,	  especially	  among	  Hispanic	  women.	  	  
Another	  important	  limitation	  of	  this	  study	  is	  the	  aggregate	  classification	  of	  Hispanics,	  which	  
may	  mask	  meaningful	  differences	  among	  ancestry	  groups,	  as	  demonstrated	  in	  past	  research	  
accounting	  for	  ancestral	  heterogeneity	  among	  Hispanics	  43,	  47,	  55.	  
	  
Notwithstanding	  the	  limitations	  noted	  above,	  the	  present	  research	  also	  possesses	  a	  number	  of	  
strengths.	  	  To	  date,	  none	  of	  the	  studies	  which	  have	  examined	  the	  association	  of	  Hispanic	  
ethnicity	  and	  birthweight25-­‐28,	  31,	  33,	  43,	  44,	  47,	  62	  has	  relied	  on	  a	  large	  (~500,000)	  sample	  from	  a	  
single	  geographic	  location	  and	  addressed	  birth	  weight	  heterogeneity	  by	  maternal	  nativity	  using	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SGA,	  LBW	  and	  mean	  birthweight	  as	  outcome	  measures.	  	  Other	  strengths	  of	  this	  research	  
proposal	  include	  the	  use	  of	  birth	  records	  dating	  from	  2003-­‐2007	  collected	  by	  the	  Office	  of	  Vital	  
Statistics	  of	  the	  NYCDOHMH.	  	  As	  such,	  this	  dataset	  is	  inclusive	  of	  all	  births	  occurring	  in	  NYC	  
during	  the	  stated	  time	  period	  and	  the	  large	  number	  of	  records	  (N=460,881)	  provided	  sufficient	  
statistical	  power	  for	  conducting	  analyses	  disaggregated	  by	  nativity	  status.	  	  Moreover,	  having	  a	  
study	  population	  geographically	  concentrated	  in	  a	  single	  location	  (NYC)	  accounted	  for	  the	  
shared	  environment	  of	  individual	  records	  and	  residual	  uncontrolled	  confounding	  of	  covariates	  
not	  included	  in	  the	  regression	  models.	  	  	  
	  
Conclusion	  
This	  study	  found	  statistically	  significant	  variation	  in	  mean	  birthweight,	  in	  the	  risk	  of	  bearing	  an	  
SGA	  infant	  and	  in	  the	  risk	  of	  bearing	  an	  LBW	  infant	  by	  race/ethnicity.	  	  Black	  women	  exhibited	  
higher	  risk	  for	  adverse	  outcomes	  than	  their	  white	  counterparts	  for	  all	  outcome	  measures.	  	  The	  
SGA	  risk	  among	  Hispanic	  women	  was	  comparable	  to	  whites,	  but	  their	  risk	  of	  LBW	  was	  greater	  
and	  their	  mean	  birthweight	  was	  less.	  	  Foreign	  birth	  was	  protective	  across	  race/ethnic	  groups	  
overall,	  though	  especially	  among	  Hispanic	  women.	  	  Evidence	  of	  the	  Hispanic	  birthweight	  
paradox	  was	  identified	  only	  for	  SGA	  among	  Hispanics	  overall	  and	  among	  foreign-­‐born	  Hispanic	  
women.	  	  Measures	  of	  neighborhood	  level	  variance	  for	  SGA,	  LBW	  and	  mean	  birthweight	  
suggested	  that	  maternal	  race/ethnicity	  accounted	  for	  most	  of	  the	  variance	  in	  birthweight	  and	  
infant	  size	  outcomes,	  with	  statistically	  significant	  but	  minimal	  neighborhood-­‐level	  contribution	  
due	  to	  the	  clustering	  of	  women	  in	  their	  neighborhood	  of	  residence.	  	  These	  findings	  have	  
important	  implications	  for	  health	  disparities	  research,	  particularly	  with	  regard	  to	  existing	  
48	  
paradigms	  about	  the	  health	  of	  minority	  populations	  in	  the	  U.S.	  	  In	  addition,	  this	  research	  can	  
also	  inform	  the	  development	  of	  reproductive	  health	  care	  interventions	  and	  allocation	  of	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Table	  2.1.	  Individual	  and	  neighborhood	  characteristics	  of	  mothers	  and	  infants	  according	  to	  race/ethnicity.	  New	  York	  City:	  2003-­‐
2007.	  a	  (N=460,881;	  total	  number	  of	  United	  Hospital	  Fund	  Neighborhoods=42)	  
	  
	   Hispanic	   Black	   White	   Total	  
Study	  participants	  (n/%)	   184363	   130860	   145658	   460881	  
Maternal/parent	  characteristics	   	   	   	   	  
Maternal	  age	  (mean/SD,	  in	  years)	   26.7	  (6.1)	  	   27.8	  (6.5)	   30.4	  (5.7)	  	   28.2	  (6.3)	  
Foreign	  born	  mother	  (%)	   65.7	   46.1	   33.0	   49.8	  
Education	  (%)	   	   	   	   	  
<12	  years	   38.5	   22.1	   6.3	   23.7	  
=12	  years	   32.4	   35.3	   27.8	   31.8	  
13-­‐15	  years	   18.6	   26.1	   16.1	   19.9	  
16+	  years	   10.5	   16.4	   49.8	   24.6	  
Married	  (%)	   32.2	   31.2	   87.7	   49.5	  
Public	  assistance	  (%)	   68.8	   64.1	   22.2	   52.7	  
Health	  insurance	  (%)	   98.3	   97.9	   97.6	   97.9	  
Infant/pregnancy	  characteristics	   	   	   	   	  
Gestational	  age	  (mean/SD,	  in	  years)	   38.8	  (2.0)	   38.5	  (2.3)	   39.0	  (1.6)	   38.8	  (2.0)	  
First-­‐born	  infant	  (%)	   42.1	   43.7	   49.0	   44.7	  
Apgar	  score	  at	  five	  minutes	  (mean/SD)	   9.0	  (0.4)	   8.9	  (0.5)	   9.0	  (0.4)	   9.0	  (0.4)	  
Maternal	  weight	  gain	  (mean/SD,	  in	  pounds)	   30.5	  (13.1)	   30.6	  (14.0)	   31.4	  (11.5)	   30.8	  (12.9)	  
Adequate	  prenatal	  care	  (%)	   96.1	   93.4	   98.2	   96.0	  
Maternal	  anemia	  (%)	   1.8	   2.8	   0.8	   1.8	  
Chronic	  and/or	  gestational	  diabetes	  (%)	   4.4	   4.4	   2.7	   3.9	  
Preeclampsia	  and/or	  eclampsia	  (%)	   2.7	   3.5	   1.3	   2.5	  
Placental	  abruption	  (%)	   0.6	   0.8	   0.5	   0.6	  




	   Hispanic	   Black	   White	   Total	  
Alcohol	  use	  during	  pregnancy	  (%)	   0.1	   0.3	   0.2	   0.2	  
Tobacco	  use	  during	  pregnancy	  (%)	   1.5	   3.0	   1.4	   1.9	  
Neighborhood	  characteristics	   	   	   	   	  
Mean	  number	  of	  participants	  per	  neighborhood	   4389	   3116	   3468	   10973	  
Neighborhood	  socioeconomic	  (SE)	  score	  –	  mean	  (SD)	  *	   -­‐	  2.4	  (4.8)	   -­‐	  2.2	  (4.2)	   3.9	  (6.0)	   -­‐	  0.4	  (5.8)	  
Median	  household	  income,	  1999,	  in	  thousands	  of	  $	  -­‐	  mean	  
(SD)	   32.3	  (11.0)	   32.9	  (10.8)	   44.4	  (15.1)	   36.3	  (13.6)	  










Proportion	  (%)	  of	  households	  earning	  interest,	  dividends	  or	  	  
rental	  income	  –	  mean	  (SD)	  
20.6	  (10.8)	   18.7	  (9.1)	   33.7	  (11.6)	   24.2	  (12.5)	  
%	  adults	  ≥25	  years	  who	  completed	  high	  school	  –	  mean	  (SD)	   63.9	  (11.1)	   67.1	  (9.8)	   76.2	  (10.9)	   	  68.7	  (11.9)	  
%	  adults	  ≥	  25	  years	  who	  completed	  college	  –	  mean	  (SD)	   18.5	  (11.5)	   17.8	  (9.5)	   33.8	  (19.3)	   23.1	  (15.8)	  
%	  of	  employed	  residents	  with	  executive,	  managerial,	  or	  
professional	  occupations	  –	  mean	  (SD)	  
27.4	  (10.4)	   28.4	  (8.6)	   41.1	  (15.2)	   32.0	  (13.2)	  
	   	   	   	   	  
	  
a	  All	  chi-­‐square	  or	  t-­‐tests	  were	  significant	  at	  the	  P	  <	  0.0001	  level	  unless	  otherwise	  noted.	  
b	  Not	  statistically	  significant.	  
*	  Neighborhood	  socioeconomic	  (SE)	  score	  defined	  as	  a	  z-­‐score	  using	  the	  mean	  and	  standard	  deviation	  of	  the	  total	  population	  (i.e.	  values	  are	  one	  standard	  deviation	  above	  or	  





Table	  2.2	  Incidence	  proportion	  of	  small	  for	  gestational	  age	  (SGA)	  and	  low	  birthweight	  (LBW)	  by	  selected	  individual	  and	  
neighborhood	  characteristics	  according	  to	  race/ethnicity,	  New	  York	  City:	  2003-­‐2007	  a	  .	  	  (N=460,881;	  total	  number	  of	  United	  
Hospital	  Fund	  neighborhoods=42)	  
	   SGA	   LBW	  
	   Hispanic	   Black	   White	   Total	   Hispanic	   Black	   White	   Total	  
Overall	  (total	  n)	  *	   11.4	  	  	  (184305)	  
16.0	  	  	  
(130777)	  




6.3	  	  	  
(184363)	  
10.2	  	  	  
(130860)	  
3.9	  	  	  
(145657)	  
6.7	  	  	  
(460880)	  
Maternal	  age	  	   	   	   	   	   	   	   	   	  
15-­‐28	  years	   12.3	  	  	  (115888)	  
17.3	  	  	  
(72467)	  
10.9	  	  	  
(52939)	  
13.4	  	  	  
(241294)	  
6.1	  	  	  
(115924)	  
9.8	  	  	  
(72521)	  




29-­‐45	  years	   10.0	  	  	  (68417)	  
14.4	  	  	  
(58310)	  
8.7	  	  	  
(92662)	  
10.6	  	  	  
(219289)	  
6.7	  	  	  
(68439)	  






Nativity	   	   	   	   	   	   	   	   	  
U.S.-­‐born	   13.4	  	  	  (63215)	  
17.5	  	  	  
(70496)	  
9.5	  c	  	  
(97533)	  
13.0	  	  	  
(231244)	  
8.1	  	  	  
(63241)	  
11.5	  	  	  
(70545)	  
4.1	  b	  	  
(97570)	  
7.4	  	  	  
(231356)	  
Foreign-­‐born	   10.4	  	  (121090)	  
14.2	  	  	  
(60281)	  
9.6	  	  	  
(48068)	  
11.2	  	  	  
(229439)	  
5.4	  	  	  
(121122)	  
8.6	  	  	  
(60315)	  




Education	   	   	   	   	   	   	   	   	  
<12	  years	   12.4	  	  	  (70955)	  
19.3	  	  	  
(28931)	  






11.8	  	  	  
(28948)	  
5.7	  	  	  
(9207)	  
7.9	  	  	  
(109132)	  
=12	  years	   11.0	  	  	  (59747)	  
16.1	  	  	  
(46207)	  
10.0	  	  	  
(40461)	  
12.3	  	  	  
(146415)	  
6.1	  	  	  	  
(59768)	  
10.5	  	  	  
(46244)	  
4.0	  	  	  
(40471)	  
6.9	  	  	  
(146483)	  
13-­‐15	  years	   11.1	  	  	  (34296)	  
14.8	  	  	  
(34173)	  
9.2	  	  	  
(23438)	  
12.0	  	  	  
(91907)	  
6.4	  	  	  	  
(34303)	  
9.3	  	  	  
(34191)	  
3.9	  	  	  
(23441)	  
6.9	  	  	  
(91935)	  
16+	  years	   10.1	  	  	  (19307)	  
13.2	  	  	  
(21466)	  
9.1	  	  	  
(72499)	  
10.0	  	  	  
(113272)	  
5.9	  	  	  
(19315)	  
8.6	  	  	  
(21477)	  
3.7	  	  	  
(72538)	  
5.0	  	  	  
(113330)	  
Marital	  status	   	   	   	   	   	   	   	   	  
Not	  married	   12.2	  	  (124857)	  	  
17.1	  	  	  
(89944)	  
11.4	  	  	  
(17864)	  
14.0	  	  	  
(232665)	  
6.8	  	  	  
(124898)	  
10.9	  	  	  
(90007)	  
6.1	  	  	  
(17870)	  





13.6	  	  	  
(40833)	  
9.3	  	  	  
(127737)	  
10.2	  	  	  
(228018)	  
5.4	  	  	  
(59465)	  
8.5	  	  	  
(40853)	  
3.6	  	  	  
(127787)	  





	   SGA	   LBW	  
	   Hispanic	   Black	   White	   Total	   Hispanic	   Black	   White	   Total	  
Public	  assistance	   	   	   	   	   	   	   	   	  
No	   11.4	  
c	  	  
(57537)	  
15.1	  	  	  
(46955)	  








3.8	  b	  	  
(113330)	  
6.0	  	  	  
(217894)	  
Yes	   11.5	  	  	  (126768)	  
16.4	  	  	  
(83822)	  










7.2	  	  	  
(242986)	  
Health	  insurance	  	   	   	   	   	   	   	   	   	  
No	   13.6	  
b	  	  
(3200)	  
18.1	  b	  	  
(2735)	  
10.7	  c	  	  
(3501)	  
13.8	  	  	  
(9436)	  
8.6	  	  	  
(3203)	  
13.5	  	  	  
(2747)	  
4.3	  c	  	  
(3504)	  
8.4	  	  	  
(9454)	  





12.1	  	  	  
(450792)	  






6.6	  	  	  
(450967)	  
Birth	  order	  of	  infant	   	   	   	   	   	   	   	   	  
First-­‐born	   14.2	  	  	  (77516)	  
18.5	  	  	  
(57181)	  
11.4	  	  	  
(71364)	  
14.4	  	  	  
(206061)	  




4.8	  	  	  
(71407)	  
7.4	  	  	  
(206175)	  
After	  first-­‐born	   9.4	  	  	  (99975)	  
13.9	  	  	  
(67394)	  
7.6	  	  	  
(66966)	  
10.2	  	  	  
(234335)	  




3.1	  	  	  
(66976)	  
6.0	  	  	  
(234402)	  	  
Prenatal	  care	   	   	   	   	   	   	   	   	  
Adequate	   11.3	  	  	  (177214)	  
15.9	  	  	  
(122221)	  
9.5	  	  	  
(143053)	  
12.0	  	  	  
(442488)	  




3.9	  	  	  
(143107)	  
6.5	  	  	  
(442653)	  
Intermediate	  	   13.2	  	  	  (3621)	  
15.8	  	  	  
(3956)	  
12.2	  	  	  
(1299)	  
14.2	  	  	  
(8876)	  
8.4	  	  	  
(3621)	  
10.6	  	  	  
(3960)	  
6.1	  	  	  
(1299)	  
9.0	  	  	  
(8880)	  
Inadequate	   15.2	  	  	  (2469)	  
17.5	  	  	  
(3229)	  
13.3	  	  	  
(1009)	  
16.0	  	  	  
(6707)	  
8.2	  	  	  
(2470)	  
10.0	  	  	  
(3231)	  
6.0	  	  	  
(1009)	  
8.7	  	  	  
(6710)	  
None	  	   16.2	  	  	  (1001)	  
21.9	  	  	  
(1371)	  
15.0	  	  	  
(240)	  
19.1	  	  	  
(2612)	  
18.1	  	  	  
(1012)	  
25.2	  	  	  
(1383)	  
17.8	  	  	  
(242)	  
21.8	  	  	  
(2637)	  
Maternal	  anemia	   	   	   	   	   	   	   	   	  















6.6	  	  	  
(452705)	  













8.9	  	  	  
(8175)	  





	   SGA	   LBW	  
	   Hispanic	   Black	   White	   Total	   Hispanic	   Black	   White	   Total	  
Gestational/chronic	  diabetes	   	   	   	   	   	   	   	  
No	   11.6	  	  	  (176241)	  












6.6	  	  	  
(443112)	  
Yes	   8.2	  	  	  (8064)	  












7.6	  	  	  
(17768)	  
Preeclampsia	  and/or	  
eclampsia	   	   	   	   	   	   	   	   	  
No	   11.1	  	  	  (179369)	  




11.8	  	  	  
(449254)	  
5.8	  	  	  
(179427)	  
9.2	  	  	  
(126231)	  
3.7	  	  	  
(143790)	  
6.1	  	  	  
(449448)	  
Yes	   23.6	  	  	  (4936)	  
27.7	  	  	  
(4626)	  
21.2	  	  	  
(1867)	  
24.9	  	  	  
(11429)	  
27.0	  	  	  
(4936)	  
36.2	  	  	  
(4629)	  
26.2	  	  	  
(1867)	  
30.6	  	  	  
(11432)	  
Placental	  abruption	   	   	   	   	   	   	   	   	  
No	   11.4	  	  	  (183258)	  
15.9	  	  	  
(129728)	  
9.5	  	  	  
(144806)	  
12.1	  	  	  
(457792)	  
6.1	  	  	  
(183316)	  
9.8	  	  	  
(129810)	  
3.8	  	  	  
(144862)	  
6.5	  	  	  
(457988)	  
Yes	   16.1	  	  	  (1047)	  
21.3	  	  	  
(1049)	  	  
14.6	  	  	  
(795)	  
17.6	  	  	  
(2891)	  
40.0	  	  	  
(1047)	  
48.7	  	  	  
(1050)	  
25.3	  	  	  
(795)	  
39.1	  	  	  
(2892)	  
Placenta	  previa	   	   	   	   	   	   	   	   	  









6.2	  	  	  
(183604)	  
10.0	  	  	  
(130274)	  
3.9	  	  	  
(145030)	  
6.6	  	  	  
(458908)	  







32.1	  	  	  
(759)	  
35.7	  	  	  
(586)	  
24.1	  	  	  
(627)	  
30.6	  	  	  
(1972)	  
Alcohol	  use	  in	  pregnancy	   	   	   	   	   	   	   	   	  
No	   11.4	  
b	  
(184102)	  












6.6	  	  	  
(459951)	  
Yes	   18.5	  	  (178)	  




18.3	  	  	  
(832)	  
16.8	  	  	  
(178)	  




17.6	  	  	  
(834)	  




	   SGA	   LBW	  
	   Hispanic	   Black	   White	   Total	   Hispanic	   Black	   White	   Total	  
Tobacco	  use	  in	  pregnancy	   	   	   	   	   	   	   	   	  
No	  	   11.3	  	  	  (181509)	  
15.6	  	  	  
(126800)	  
9.4	  	  	  
(143593)	  
11.9	  	  	  
(451902)	  
6.2	  	  	  
(181564)	  
9.9	  	  	  
(126878)	  
3.9	  	  	  
(143648)	  
6.5	  	  	  
(452090)	  
Yes	   20.1	  	  	  (2771)	  
26.6	  	  	  
(3927)	  
16.2	  	  	  
(1989)	  
22.1	  	  	  
(8687)	  
13.6	  	  	  
(2773)	  
19.7	  	  	  
(3932)	  
10.1	  	  	  
(1990)	  
15.6	  	  	  
(8695)	  
Neighborhood	  SE	  score	   	   	   	   	   	   	   	   	  
Quintile	  1	  (lowest)	   12.3	  	  	  (78003)	  
17.0	  	  	  
(36878)	  
9.9	  	  	  
(7078)	  
13.6	  	  	  
(121959)	  






7.7	  	  	  
(121994)	  
Quintile	  2	   11.0	  	  	  (48689)	  
15.4	  	  	  
(45936)	  
9.9	  	  	  
(21812)	  
12.5	  	  	  
(116437)	  






7.2	  	  	  
(116492)	  
Quintile	  3	   11.0	  	  	  (24972)	  
16.5	  	  	  
(24763)	  
10.0	  	  	  
(30748)	  
12.3	  	  	  
(80483)	  






6.5	  	  	  
(80523)	  
Quintile	  4	   10.3	  	  	  (14423)	  
14.4	  	  	  
(16582)	  
9.4	  	  	  
(27734)	  
11.0	  	  	  
(58739)	  






6.1	  	  	  
(58760)	  
Quintile	  5	  (highest)	   10.5	  	  	  (18218)	  
16.1	  	  	  
(6618)	  
9.1	  	  	  
(58229)	  
10.0	  	  	  
(83065)	  






4.9	  	  	  
(83111)	  
	   	   	   	   	   	   	   	   	  
	  
	  
a	  All	  chi-­‐square	  or	  t-­‐tests	  were	  significant	  at	  the	  P	  <	  0.0001	  level	  unless	  otherwise	  noted.	  
b	  Significant	  at	  P	  <	  0.01	  
c	  Not	  statistically	  significant.	  




Table	  2.3.	  Measures	  of	  association	  according	  to	  race/ethnicity	  and	  measures	  of	  variation	  and	  clustering	  of	  small	  for	  gestational	  
age	  (SGA),	  New	  York	  City:	  2003-­‐2007.	  	  	  
	  
	   SGA	  
	   Empty	  model	   Crude	  model	   Model	  1	   Model	  2	   Model	  3	  
Individual-­‐level	  estimates	  (OR,	  95%CI)	  
White	   1.00	  
Black	   	   1.70	  (1.65,1.75)	   1.47	  (1.43,1.52)	   1.50	  (1.46,1.55)	   1.50	  (1.45,1.55)	  
Hispanic	   	   1.17	  (1.13,1.20)	   0.98	  (0.95,1.01)	   1.03	  (1.00,1.07)	   1.03	  (1.00,1.06)	  
	   	   	   	   	   	  
Measures	  of	  variation	  or	  clustering	  
Neighborhood-­‐level	  variance	  
(SE)	   0.04555	  (0.010)	   0.01571	  (0.004)	   0.01343	  (0.003)	   0.01306	  (0.003)	   0.01226	  (0.003)	  
P-­‐value	   <0.0001	   <0.0001	   <0.0001	   <0.0001	   <0.0001	  
ICC	   0.014	   0.005	   0.004	   0.004	   0.004	  
Proportional	  change	  in	  variance	  	   	   -­‐	  65.5	   -­‐	  14.5	   -­‐2.7	   -­‐6.1	  
MOR	   1.22	   1.13	   1.12	   1.11	   1.11	  
	  
*	  Crude	  association	  is	  between	  race/ethnicity	  and	  SGA	  and	  race/ethnicity;	  ORs	  are	  adjusted	  for	  maternal	  age,	  maternal	  educational	  attainment,	  and	  marital	  status	  (Model	  1);	  





Table	  2.4.	  Measures	  of	  association	  according	  to	  race/ethnicity	  and	  measures	  of	  variation	  and	  clustering	  of	  low	  birthweight	  (LBW).	  
New	  York	  City:	  2003-­‐2007.	  
	  
	   LBW	  
	   Empty	  model	   Crude	  model	   Model	  1	   Model	  2	   Model	  3	  
	  
Individual-­‐level	  estimates	  (OR,	  95%CI)	  
White	   1.00	  
Black	   	   2.54	  (2.44,2.65)	   	  2.15	  (2.07,2.25)	   2.26	  (2.17,2.36)	   2.25	  (2.16,2.35)	  
Hispanic	   	   1.56	  (1.51,1.63)	   1.32	  (1.26,1.37)	   1.47	  (1.41,1.53)	   1.46	  (1.40,1.53)	  
	  
Measures	  of	  variation	  or	  clustering	  
Neighborhood-­‐level	  variance	  
(SE)	   0.0881	  (0.020)	   0.00814	  (0.002)	   0.00626	  (0.002)	   0.00591	  (0.002)	   0.00574	  (0.002)	  
P-­‐value	   <	  0.0001	   <	  0.0001	   <	  0.0001	   <	  0.0001	   <	  0.0001	  
ICC	   0.026	   0.002	   0.002	   0.002	   0.002	  
Proportional	  change	  in	  variance	   	   -­‐	  90.7	   -­‐	  23.1	   -­‐5.6	  	   -­‐2.9	  
MOR	   1.33	   1.09	   1.08	   1.08	   1.07	  
	  
*	   Crude	   association	   is	   between	   race/ethnicity	   and	   LBW;	   ORs	   are	   adjusted	   for	   sex	   of	   infant,	   maternal	   age,	   maternal	   educational	   attainment,	   and	  marital	   status	   (Model	   1);	  








Table	  2.5.	  	  Mean	  birthweight	  estimates	  according	  to	  race/ethnicity	  and	  measures	  of	  variation	  and	  clustering*.	  New	  York	  City:	  
2003-­‐2007.	  
	  
	   Mean	  birthweight	  (in	  grams)	  
	   Empty	  model	   Crude	  model	   Model	  1	   Model	  2	   Model	  3	  
Individual-­‐level	  estimates	  (SE)**	  
White	   0.0	  
Black	   	   -­‐185.7	  (6.5)	   -­‐148.4	  (6.4)	   -­‐152.8	  (6.8)	   -­‐152.8	  (6.9)	  
Hispanic	   	   -­‐81.1	  (5.5)	   -­‐39.1	  (5.0)	   -­‐53.5	  (5.2)	   -­‐53.5	  (5.2)	  
	  
Measures	  of	  variation	  or	  clustering	  
Neighborhood-­‐level	  variance	   3116.0	   741.6	   814.7	   924.3	   919.4	  
P-­‐value	   <	  0.0001	   <	  0.0001	   <	  0.0001	   <	  0.0001	   <	  0.0001	  
ICC	   0.010	   0.002	   0.003	   0.003	   0.003	  
Proportional	  change	  in	  
variance	   	   -­‐76.2	   9.8	   13.4	   -­‐0.5	  
Random	  effects	  	   	   	   	   	   	  
Black	   	   1263.3	   1214.4	   1416.5	   1409.7	  
P-­‐value	   	   <	  0.0001	   <	  0.0001	   <	  0.0001	   <	  0.0001	  
Hispanic	   	   941.3	   681.6	   739.9	   723.0	  
P-­‐value	   	   <	  0.0001	   <	  0.0001	   <	  0.0001	   <	  0.0001	  
*	   Crude	   association	   is	   between	   race/ethnicity	   and	   birthweight,	   measured	   continuously,	   in	   grams;	   mean	   birthweight	   is	   adjusted	   for	   sex	   of	   infant,	   maternal	   age,	   maternal	  
educational	   attainment,	   and	  marital	   status	   (Model	   1);	   additionally	   adjusted	   for	  maternal	   nativity	   status	   (Model	   2);	   and	   adjusted	   for	   all	   covariates	   in	  Model	   2	   as	  well	   as	   for	  
neighborhood	  socioeconomic	  score	  (Model	  3).	  




Table	  2.6.	  Odds	  Ratios	  (OR)	  *	  and	  measures	  of	  variation	  and	  clustering	  of	  small	  for	  gestational	  age	  (SGA)	  and	  low	  birthweight	  
(LBW)	  according	  to	  race/ethnicity,	  by	  maternal	  nativity	  status.	  	  New	  York	  City:	  2003-­‐2007.	  	  	  
	  
	   U.S.-­‐born	   Foreign-­‐born	  
	   SGA	  
Individual-­‐level	  estimates	  (OR,	  95%CI)	   	   	  
White	   1.00	   1.00	  
Black	  	   1.50	  	  (1.43,	  1.57)	   1.44	  	  (1.34,	  1.55)	  
Hispanic	   1.08	  	  (1.03,	  1.13)	   0.98	  	  (0.93,	  1.03)	  
Measures	  of	  variation	  or	  clustering	   	   	  
Neighborhood-­‐level	  variance	  (SE)	   0.013	  (0.003)	   0.009	  (0.003)	  
P-­‐value	   <	  0.0001	   <	  0.0001	  
ICC	   0.004	   0.003	  
MOR	   1.12	   1.09	  
	   LBW	  
Individual-­‐level	  estimates	  (OR,	  95%CI)	   	   	  
White	   1.00	   1.00	  
Black	  	   2.26	  	  (2.13,	  2.41)	   2.15	  	  (1.98,	  2.34)	  
Hispanic	   1.57	  	  (1.47,	  1.67)	   1.33	  	  (1.24,	  1.44)	  
Measures	  of	  variation	  or	  clustering	   	   	  
Neighborhood-­‐level	  variance	  (SE)	   0.003	  (0.001)	   0.002	  (0.002)	  
P-­‐value	   <	  0.0001	   <	  0.0001	  
ICC	   0.001	   0.001	  
MOR	   1.05	   1.04	  
*	  ORs	  for	  association	  between	  race/ethnicity	  and	  SGA	  and	  between	  race/ethnicity	  and	  LBW	  are	  adjusted	  for	  sex	  of	  infant	  (for	  LBW	  model	  only),	  maternal	  age,	  educational	  





Table	  2.7.	  Mean	  birthweight	  estimates	  and	  measures	  of	  variation	  and	  clustering	  according	  to	  race/ethnicity,	  by	  maternal	  nativity	  
status.	  	  New	  York	  City:	  2003-­‐2007.	  	  	  
	  
	   U.S.-­‐born	   Foreign-­‐born	  
	   	   	  
Birthweight	  estimates,	  in	  grams	  
(SE)	   	   	  
White	   0.0	   0.0	  
Black	  	   -­‐	  158.4	  (7.4)	   -­‐	  129.8	  (11.1)	  
Hispanic	   -­‐	  61.8	  (6.3)	   -­‐	  39.8	  (8.9)	  
	   	   	  
Measures	  of	  variation	  or	  clustering	   	   	  
Neighborhood-­‐level	  variance	  	   1036.2	   972.9	  
P-­‐value	   <	  0.0001	   <	  0.0001	  
ICC	   0.003	   0.003	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Abstract	  
	  
Aim:	  To	  investigate	  the	  association	  of	  race/ethnicity	  with	  small	  for	  gestational	  age	  (SGA)	  among	  
singleton	  infants	  born	  to	  women	  residing	  in	  New	  York	  City	  aged	  20	  years	  and	  older,	  controlling	  
for	  individual-­‐	  and	  neighborhood-­‐level	  characteristics.	  	  	  
	  
Methods:	  The	  study	  involved	  birth	  records	  for	  years	  2003	  through	  2007	  collected	  by	  the	  Office	  
of	  Vital	  Statistics	  of	  the	  New	  York	  City	  Department	  of	  Health	  and	  Mental	  Hygiene	  (N=460,881).	  	  	  	  
SGA	  was	  the	  main	  outcome	  of	  interest.	  	  Multilevel	  logistic	  models	  with	  random	  effects	  were	  
used	  to	  estimate	  odds	  ratios	  for	  the	  association	  between	  race/ethnicity	  and	  SGA,	  while	  
accounting	  for	  the	  correlation	  between	  observations	  within	  the	  same	  neighborhood.	  	  
Race/ethnicity	  of	  women	  was	  specified	  as	  non-­‐Hispanic	  black,	  and	  non-­‐Hispanic	  white,	  Puerto	  
Rican,	  Cuban,	  Dominican,	  Mexican,	  Central	  American,	  and	  South	  American.	  	  Heterogeneity	  by	  
maternal	  nativity	  status	  was	  also	  examined.	  	  All	  data	  analyses	  were	  conducted	  using	  SAS.	  
	  
Results:	  The	  adjusted	  odds	  of	  bearing	  an	  SGA	  infant	  were	  greatest	  among	  black	  and	  Puerto	  
Rican	  women	  (OR:1.52;.47,1.57	  and	  OR:1.17;	  95%CI:1.13,1.22,	  respectively)	  and	  lowest	  among	  
Mexican	  and	  South	  American	  women	  (OR:	  0.91;	  95%CI:0.87,0.95	  and	  OR:	  0.85;	  
95%CI:0.80,0.89,	  respectively),	  as	  compared	  to	  white	  women.	  	  The	  odds	  of	  SGA	  observed	  
among	  Dominicans,	  Central	  Americans	  and	  Cubans	  were	  similar	  to	  that	  of	  whites.	  Furthermore,	  
SGA	  risk	  varied	  by	  maternal	  nativity	  status	  within	  most	  subgroups,	  generally	  with	  more	  
favorable	  SGA	  odds	  observed	  among	  foreign-­‐born	  women,	  as	  compared	  to	  their	  U.S.-­‐born	  
counterparts.	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Conclusion:	  This	  research	  confirmed	  the	  Hispanic	  paradox	  with	  SGA	  across	  most	  Hispanic	  
race/ethnicity-­‐nativity	  subgroups,	  with	  the	  notable	  exception	  of	  U.S.–born	  Puerto	  Ricans	  who	  
consistently	  exhibited	  elevated	  risk	  of	  SGA	  relative	  to	  whites.	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Introduction	  
Birthweight	  is	  widely	  recognized	  as	  a	  predictor	  of	  infant	  mortality1-­‐5,	  perinatal	  morbidity5-­‐9	  and	  
health	  status	  throughout	  the	  lifecourse5,	  6,	  9-­‐13.	  	  In	  the	  United	  States,	  the	  incidence	  of	  low	  
birthweight	  (LBW,	  defined	  as	  <2500	  g.)	  varies	  substantially	  across	  race/ethnic	  groups.	  	  Non-­‐
Hispanic	  blacks	  experience	  the	  highest	  incidence	  of	  LBW	  (13.5)	  while	  Hispanics	  exhibit	  lower	  or	  
comparable	  incidence	  of	  LBW	  (6.9)	  as	  compared	  to	  non-­‐Hispanic	  whites	  (7.1)14.	  	  
	  
The	  comparatively	  low	  risk	  of	  having	  an	  LBW	  infant	  which	  prompted	  the	  notion	  of	  the	  “Hispanic	  
birthweight	  paradox”,	  was	  initially	  observed	  in	  studies	  focusing	  largely	  on	  Mexicans15-­‐18,	  or	  on	  a	  
generically	  defined	  “Hispanic”	  category	  or	  broad	  regional	  classification17,	  19-­‐21.	  	  When	  
researchers	  began	  to	  consider	  Mexicans	  and	  Puerto	  Ricans	  separately,	  they	  found	  that	  the	  
latter	  experienced	  a	  significantly	  greater	  risk	  of	  small	  infants16	  and	  LBW18	  as	  compared	  to	  
whites.	  	  Several	  studies	  followed	  which	  disaggregated	  Hispanics	  into	  subgroups	  by	  ancestry	  or	  
country	  of	  origin22-­‐27.	  	  Overall,	  these	  revealed	  that	  the	  incidence	  of	  LBW	  not	  only	  ranged	  
considerably	  across	  Mexican,	  Puerto	  Rican,	  Cuban	  and	  Central/South	  American	  subgroups,	  but	  
also	  varied	  by	  nativity	  status.	  	  Most	  studies	  corroborated	  the	  birthweight	  advantage	  for	  
Mexican	  mothers24-­‐27	  and	  an	  increased	  risk	  of	  having	  an	  LBW	  infant	  among	  Puerto	  Rican	  
mothers22,	  24,	  25,	  27.	  	  However,	  findings	  were	  mixed	  with	  regard	  to	  Cubans	  and	  Central/South	  
Americans,	  with	  some	  indicating	  increased	  risk	  and	  others	  failing	  to	  find	  a	  difference	  as	  
compared	  to	  whites22,	  24,	  26,	  27.	  	  Examination	  of	  nativity	  status	  (U.S.-­‐	  or	  foreign-­‐born)	  also	  yielded	  
varying	  results	  with	  some	  studies	  finding	  that	  foreign-­‐born	  mothers	  of	  all	  subgroups	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experienced	  lower	  risk24	  while	  others	  identified	  the	  protective	  effect	  of	  foreign-­‐birth	  among	  
Mexican26,	  27	  and	  South/Central	  Americans	  only26.	  	  	  	  
	  
Studies	  have	  also	  addressed	  perinatal	  outcomes	  across	  race/ethnic	  subgroups	  in	  New	  York	  City	  
(NYC)28-­‐30,	  an	  area	  well	  suited	  for	  subgroup	  analyses	  given	  its	  sizeable	  and	  diverse	  Hispanic	  
population.	  	  Overall,	  the	  NYC	  studies	  identified	  heterogeneity	  of	  risk	  in	  measures	  of	  birthweight	  
and	  infant	  size	  by	  maternal	  ancestry28-­‐30	  as	  well	  as	  by	  nativity28,	  29.	  	  One	  prominent	  study	  
examined	  small	  for	  gestational	  age	  (SGA)	  and	  mean	  birthweight	  among	  full-­‐term	  infants	  for	  
eleven	  Hispanic	  subgroups,	  but	  overall	  did	  not	  find	  evidence	  of	  lower	  birthweight	  as	  compared	  
to	  whites	  30.	  	  
	  
In	  spite	  of	  inconsistencies	  in	  their	  findings,	  these	  studies22-­‐30	  have	  contributed	  to	  the	  field	  not	  
only	  by	  highlighting	  the	  protective	  effect	  of	  foreign	  birth	  among	  Hispanic	  women	  but	  also	  by	  
illustrating	  how	  the	  aggregate	  grouping	  of	  Hispanics	  masks	  important	  variation	  in	  risk	  18,	  23,	  26-­‐29.	  	  
A	  less	  evident	  shortcoming	  of	  the	  Hispanic	  birthweight	  literature	  is	  that	  it	  has	  focused	  almost	  
exclusively	  on	  individuals’	  characteristics,	  failing	  to	  account	  for	  contextual	  variables,	  such	  as	  
neighborhood	  disadvantage,	  that	  are	  associated	  with	  race/ethnicity	  and/or	  with	  measures	  of	  
birthweight	  or	  infant	  size31-­‐34,	  and	  which	  may	  help	  to	  explain	  variation	  in	  risk.	  
	  
Given	  the	  discrepancies	  and	  deficiencies	  of	  the	  birthweight	  literature,	  the	  aim	  of	  this	  study	  was	  
to	  instead	  examine	  the	  association	  of	  race/ethnicity	  with	  SGA	  among	  singleton	  infants	  born	  to	  
women	  15	  to	  45	  years	  of	  age	  residing	  in	  NYC,	  controlling	  for	  individual-­‐	  and	  neighborhood-­‐level	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characteristics.	  	  For	  the	  purpose	  of	  examining	  heterogeneity	  of	  SGA	  risk,	  the	  race/ethnicity	  of	  
women	  in	  the	  sample	  was	  classified	  as	  non-­‐Hispanic	  black,	  non-­‐Hispanic	  white,	  Puerto	  Rican,	  
Cuban,	  Dominican,	  Mexican,	  Central	  American,	  and	  South	  American.	  	  This	  research	  also	  
investigated	  whether	  the	  association	  between	  race/ethnicity	  and	  SGA	  was	  modified	  by	  
maternal	  nativity	  status.	  	  	  
	  
Methods	  
The	  study	  analyzed	  birth	  records	  collected	  by	  the	  Bureau	  of	  Vital	  Statistics	  of	  the	  New	  York	  City	  
Department	  of	  Health	  and	  Mental	  Hygiene	  (NYCDOHMH)	  from	  2003-­‐2007	  (N=625,636)	  as	  well	  
as	  2000	  U.S.	  Census	  data.	  	  	  Information	  on	  mothers	  and	  infants	  was	  derived	  from	  the	  
Certificates	  of	  Birth	  and	  the	  Confidential	  Medical	  Report	  with	  the	  Office	  of	  Vital	  Statistics35.	  	  The	  
neighborhood-­‐level	  Census	  information	  was	  linked	  with	  NYCDOHMH	  birth	  records	  at	  the	  zip	  
code	  level.	  	  
	  
Past	  studies	  have	  largely	  focused	  on	  LBW	  as	  their	  outcome	  of	  interest,	  despite	  the	  conceptual	  
and	  clinical	  shortcomings	  of	  this	  measure36.	  	  Defined	  using	  a	  fixed	  threshold	  of	  2500	  g.,	  LBW	  
groups	  together	  term	  and	  preterm	  infants	  and	  hence	  may	  yield	  erroneous	  estimates.	  	  SGA	  is	  
calculated	  by	  identifying	  infants	  below	  the	  10th	  percentile	  for	  birthweight	  (measured	  in	  grams)	  
at	  each	  week	  of	  gestational	  age	  and	  by	  sex,	  using	  a	  U.S.	  national	  reference37	  and	  thus	  improves	  
causal	  inference.	  	  SGA,	  defined	  as	  a	  dichotomous	  variable	  (<10th	  percentile	  versus	  ≥10th	  
percentile)	  was	  chosen	  as	  the	  outcome	  of	  interest	  in	  this	  research.	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The	  main	  exposure	  of	  interest	  was	  race/ethnicity.	  	  The	  details	  of	  how	  race	  and	  ancestry	  data	  
was	  ascertained	  and	  coded	  by	  the	  NYCDOHMH	  have	  been	  explained	  in	  Chapter	  1.	  	  Briefly,	  
individuals	  provided	  write-­‐in	  responses	  to	  specify	  race	  as	  well	  as	  ancestry.	  	  Responses	  were	  
then	  coded	  by	  the	  Bureau	  of	  Vital	  Records	  using	  categories	  established	  by	  the	  National	  Center	  
for	  Health	  Statistics	  (NCHS)38.	  	  
	  
Based	  on	  individuals’	  responses	  recorded	  by	  NYCDOHMH,	  maternal	  race/ethnicity	  in	  this	  study	  
was	  defined	  in	  nine	  categories	  as	  follows:	  non-­‐Hispanic	  black,	  non-­‐Hispanic	  white,	  and	  with	  
Hispanics	  disaggregated	  into	  ancestry	  subcategories	  -­‐	  Puerto	  Rican,	  Mexican,	  Cuban,	  
Dominican,	  South	  American,	  Central	  American	  and	  Other	  Hispanic.	  	  Women	  were	  classified	  as	  
foreign-­‐born	  if	  born	  outside	  the	  continental	  United	  States,	  Hawaii	  or	  Alaska,	  and	  U.S.-­‐born	  
otherwise.	  In	  acknowledgement	  of	  the	  social,	  political	  and	  cultural	  differences	  in	  contexts	  
encountered	  on	  the	  island	  of	  Puerto	  Rico	  and	  on	  the	  mainland	  U.S,	  island-­‐born	  women	  were	  
classified	  as	  foreign-­‐born	  and	  mainland-­‐born	  women	  were	  classified	  as	  U.S.-­‐born	  in	  this	  study,	  
consistent	  with	  past	  research	  focusing	  on	  LBW	  18,	  22,	  25,	  26.	  	  	  
	  
Covariates	  were	  derived	  from	  data	  recorded	  on	  the	  Certificates	  of	  Birth	  and	  the	  Confidential	  
Medical	  Report	  filed	  with	  the	  Office	  of	  Vital	  Statistics35;	  variables	  were	  used	  in	  the	  format	  that	  
they	  were	  originally	  collected	  unless	  otherwise	  specified.	  	  Covariates	  included	  maternal	  
characteristics	  as	  well	  as	  variables	  representing	  mothers’	  socioeconomic	  position	  considered	  in	  
previous	  studies22,	  24,	  26,	  28,	  30,	  39-­‐47.	  	  Maternal	  age	  was	  recorded	  continuously,	  in	  years,	  by	  the	  
NYCDOHMH.	  	  For	  the	  analysis,	  median	  maternal	  age	  (28	  years)	  was	  used	  to	  create	  a	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dichotomous	  variable.	  Maternal	  education	  was	  self-­‐reported,	  recorded	  continuously	  by	  the	  
NYCDOHMH	  as	  the	  number	  of	  years	  of	  schooling	  completed	  by	  the	  mother	  at	  the	  time	  of	  birth.	  	  
Consistent	  with	  previous	  studies	  examining	  the	  effect	  of	  education	  on	  LBW26,	  48,	  education	  was	  
categorized	  to	  reflect	  different	  degrees	  of	  attainment	  as	  follows:	  <12	  years,	  12	  years,	  13-­‐15	  
years,	  16+	  years.	  	  The	  Bureau	  of	  Vital	  Statistics	  computed	  marital	  status	  using	  an	  algorithm	  
whereby	  mothers	  were	  classified	  as	  married	  if	  birth	  certificates	  bore	  father’s	  name	  or	  were	  
accompanied	  by	  an	  Acknowledgment	  of	  Paternity,	  and	  unmarried	  otherwise35.	  	  Financial	  
coverage	  of	  mothers’	  medical	  care	  and	  delivery	  expenses	  was	  classified	  by	  the	  NYCDOHMH	  into	  
several	  categories	  (Medicaid,	  HMO,	  Other	  3rd	  party,	  self-­‐pay,	  unknown)	  of	  health	  insurance	  
coverage,	  and	  defined	  as	  a	  dichotomous	  variable	  (insured/uninsured)	  for	  this	  analysis.	  	  
Similarly,	  mothers’	  participation	  in	  each	  of	  several	  public	  assistance	  programs	  (WIC,	  PCAP,	  
MOMS,	  AFDC)	  was	  recorded	  by	  NYCDOHMH	  (yes/no),	  and	  the	  information	  was	  aggregated	  in	  
this	  study	  to	  create	  a	  dichotomous	  variable	  defined	  as	  receives/does	  not	  receive	  public	  
assistance.	  
	  
Consistent	  with	  past	  approaches22,	  24,	  26,	  28,	  30,	  39-­‐41,	  43-­‐49,	  infant	  characteristics	  and	  maternal	  risk	  
factors	  for	  the	  outcome	  were	  also	  considered	  as	  covariates	  in	  this	  study.	  Clinical	  gestational	  age	  
was	  determined	  by	  the	  medical	  provider	  and	  recorded	  in	  weeks.	  	  Birth	  order	  was	  calculated	  
using	  data	  on	  previous	  deliveries	  to	  classify	  women	  as	  primiparous	  or	  multiparous.	  	  Infants’	  
Apgar	  score	  at	  five	  minutes,	  as	  well	  as	  self-­‐reported	  maternal	  weight	  gain	  recorded	  in	  pounds,	  
were	  included	  as	  continuous	  variables.	  	  Prenatal	  care	  received	  by	  the	  mother	  was	  also	  
considered	  in	  this	  study,	  in	  the	  form	  of	  the	  Kessner	  Index50.	  	  This	  measure	  was	  calculated	  using	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information	  on	  the	  number	  of	  prenatal	  care	  visits	  completed	  by	  a	  particular	  gestational	  age,	  as	  
well	  as	  the	  trimester	  in	  which	  prenatal	  care	  was	  initiated.	  	  The	  Kessner	  Index	  categorized	  
prenatal	  care	  as	  adequate,	  intermediate	  or	  inadequate.	  	  The	  analysis	  also	  controlled	  for	  medical	  
risk	  factors	  including	  maternal	  anemia,	  diabetes,	  preeclampsia/eclampsia,	  placental	  abruption	  
and	  placenta	  previa	  and	  furthermore	  accounted	  for	  maternal	  use	  of	  tobacco	  and	  use	  of	  alcohol	  
during	  pregnancy.	  	  All	  these	  variables	  were	  collected	  and	  defined	  dichotomously	  (yes/no)	  by	  
NYCDOHMH,	  as	  described	  in	  Chapter	  1.	  
	  
Given	  its	  association	  with	  race/ethnicity31,	  with	  birthweight32	  and	  with	  LBW33,	  34,	  neighborhood	  
disadvantage	  was	  considered	  as	  a	  potential	  confounder	  in	  this	  study.	  	  It	  was	  included	  in	  the	  
form	  of	  a	  socioeconomic	  (SE)	  score	  summarizing	  neighborhood	  conditions	  based	  on	  factor	  
analyses	  of	  multiple	  2000	  U.S.	  Census	  variables.	  	  Neighborhoods	  were	  defined	  in	  this	  analysis	  as	  
United	  Hospital	  Fund	  (UHF)	  neighborhoods,	  as	  explained	  in	  detail	  in	  Chapter	  2,	  and	  will	  herein	  
be	  referred	  to	  simply	  as	  ‘neighborhoods’.	  	  Consistent	  with	  previous	  analyses	  using	  1990	  and	  
2000	  U.S.	  Census	  data51-­‐54.	  	  Six	  variables	  representing	  dimensions	  of	  wealth/income	  (log	  of	  the	  
median	  household	  income	  for	  1999,	  log	  of	  the	  median	  value	  of	  owner	  occupied	  housing	  units,	  
and	  the	  proportion	  of	  households	  receiving	  interest,	  dividend	  or	  net	  rental	  income),	  education	  
(the	  proportion	  of	  adults	  aged	  25	  years	  or	  older	  with	  a	  high	  school	  diploma	  and	  the	  proportion	  
of	  adults	  aged	  25	  years	  or	  older	  with	  completed	  college	  education),	  and	  occupation	  (the	  
proportion	  of	  employed	  persons	  aged	  16	  years	  or	  older	  in	  executive,	  managerial,	  or	  
professional	  specialty	  occupations)	  loaded	  on	  a	  factor	  with	  an	  Eigen	  value	  of	  7.65	  explaining	  
76%	  of	  the	  variance,	  and	  were	  combined	  to	  develop	  the	  score.	  	  
	  
	   77	  
	  
Each	  one	  of	  the	  six	  variables	  comprising	  the	  SE	  score	  was	  transformed	  into	  a	  Z-­‐score	  by	  
subtracting	  its	  value	  from	  the	  mean	  of	  all	  NYC	  neighborhoods,	  or	  grand	  mean	  for	  that	  variable,	  
and	  dividing	  the	  result	  by	  the	  standard	  deviation	  for	  all	  neighborhoods	  in	  NYC,	  or	  standard	  
deviation	  of	  the	  grand	  mean.	  The	  score	  for	  each	  neighborhood	  was	  calculated	  as	  the	  sum	  of	  the	  
Z-­‐scores	  for	  the	  six	  variables.	  	  The	  score	  ranged	  from	  -­‐10.00	  to	  16.13,	  with	  increasing	  values	  
reflecting	  increasing	  neighborhood	  SE	  advantage.	  For	  the	  purposes	  of	  this	  analysis,	  the	  SE	  score	  
was	  categorized	  into	  quintiles	  based	  on	  the	  entire	  sample	  distribution.	  	  NYC	  is	  divided	  in	  42	  
neighborhoods	  represented	  by	  UHF	  geographic	  areas	  defined	  by	  several	  adjoining	  zip	  codes55;	  
an	  SE	  score	  was	  calculated	  for	  each.	  	  Other	  neighborhood-­‐level	  variables	  from	  the	  U.S.	  Census	  
were	  also	  included	  in	  the	  factor	  analysis,	  such	  as	  the	  proportions	  of	  single	  adult-­‐headed	  
households	  with	  children,	  of	  households	  receiving	  public	  assistance,	  of	  residents	  living	  below	  
poverty	  level,	  and	  the	  neighborhood	  proportion	  of	  black	  population,	  but	  they	  did	  not	  load	  onto	  
the	  same	  factor.	  
	  
The	  analysis	  was	  limited	  to	  singleton	  live	  births	  to	  women	  15	  to	  45	  years	  of	  age	  who	  identified	  
as	  black,	  white	  or	  with	  a	  Hispanic	  subgroup,	  residing	  in	  one	  of	  the	  five	  boroughs	  of	  New	  York	  
City	  (N=470,725).	  	  Records	  were	  excluded	  from	  the	  sample	  if	  infants	  were	  born	  with	  congenital	  
anomalies	  (N=4,318)	  (Appendix	  4),	  or	  were	  missing	  data	  on	  birthweight	  (N=1),	  nativity	  status	  
(N=1,893),	  educational	  attainment	  (N=2,568),	  or	  UHF	  neighborhood	  (N=1,368).	  	  These	  
exclusions	  yielded	  a	  final	  sample	  of	  460,881	  records	  across	  42	  UHF	  neighborhoods	  
(mean=10,973,	  median=10,255,	  minimum=1,344,	  maximum=26,753).	  	  When	  compared	  on	  SGA	  
	  
	   78	  
prevalence	  and	  maternal,	  infant	  and	  neighborhood	  characteristics,	  the	  included	  and	  excluded	  
records	  were	  found	  to	  be	  significantly	  different	  on	  every	  variable	  except	  the	  prevalence	  of	  
anemia,	  of	  preecampsia/eclampsia,	  and	  of	  placenta	  previa	  (P	  <0.01,	  <0.001	  and	  <0.0001)	  
(Appendix	  6).	  These	  differences	  were	  described	  in	  detail	  in	  Chapter	  2.	  	  The	  statistical	  
significance	  of	  differences	  may	  have	  been	  due	  in	  part	  to	  the	  large	  number	  of	  records	  used	  in	  
the	  analysis.	  
	  
Statistical	  analysis	  	  
Descriptive	  statistics	  were	  presented	  for	  continuous	  variables	  using	  means	  and	  medians,	  and	  
for	  binary	  and	  categorical	  variables	  using	  frequencies	  and	  proportions.	  	  Significant	  differences	  
in	  individual-­‐	  and	  neighborhood-­‐level	  characteristics	  among	  race/ethnic	  groups	  were	  
determined	  using	  ANOVA	  (for	  continuous	  variables)	  and	  chi-­‐square	  (for	  categorical	  variables)	  
statistics.	  	  Correlation	  between	  independent	  variables	  was	  examined	  using	  the	  Spearman	  rank	  
correlation	  coefficient.	  	  
	  
Multilevel	  logistic	  models	  were	  fit	  with	  random	  effects	  to	  estimate	  the	  strength	  of	  the	  
association	  between	  race/ethnicity	  and	  SGA	  before	  and	  after	  adjusting	  for	  selected	  
characteristics,	  while	  accounting	  for	  the	  correlation	  between	  observations	  within	  the	  same	  UHF	  
neighborhood.	  	  Three	  models	  were	  fit	  to	  estimate	  this	  association.	  	  The	  crude	  model	  assessed	  
the	  relationship	  of	  race/ethnicity	  with	  SGA;	  in	  addition	  to	  race/ethnicity,	  Model	  1	  controlled	  for	  
maternal	  age,	  educational	  attainment	  and	  marital	  status.	  	  Further	  adjustment	  was	  made	  for	  
maternal	  nativity	  in	  Model	  2,	  and	  additionally	  for	  neighborhood	  SE	  score	  in	  Model	  3.	  	  The	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multivariable	  analysis	  results	  were	  not	  shown	  for	  the	  category	  of	  Other	  Hispanics,	  given	  
uncertainty	  about	  the	  composition	  of	  this	  group.	  	  	  An	  interaction	  term	  (maternal	  
race/ethnicity*nativity	  status)	  was	  tested	  in	  Model	  3.	  	  
	  
The	  Intraclass	  Correlation	  Coefficient	  (ICC)	  was	  used	  to	  estimate	  the	  proportion	  of	  variance	  in	  
SGA	  due	  to	  neighborhood-­‐level	  factors.	  	  Consistent	  with	  a	  previous	  study56,	  the	  pseudo-­‐ICC	  was	  
calculated	  employing	  an	  approach	  developed	  by	  Snijders	  and	  Boskers57	  (ICC=	  UHF-­‐level	  
variance/	  UHF-­‐level	  variance	  +	  π)	  56,	  58.	  	  To	  measure	  the	  strength	  of	  the	  influence	  of	  
neighborhood	  factors,	  the	  median	  odds	  ratio	  (MOR)	  was	  calculated:	  MOR	  =	  exp	  [	  √(2	  x	  UHF-­‐
level	  variance)	  x	  0.6745	  ]	  ,	  where	  0.6745	  is	  a	  constant59.	  	  The	  MOR	  quantifies	  neighborhood	  
variation	  in	  SGA	  by	  comparing	  women	  from	  two	  randomly	  chosen	  neighborhoods.	  	  In	  the	  
context	  of	  this	  study,	  the	  MOR	  represents	  the	  median	  value	  of	  the	  odds	  ratio	  between	  the	  
neighborhood	  at	  highest	  risk	  (most	  disadvantaged)	  for	  SGA	  and	  the	  neighborhood	  at	  lowest	  risk	  
(least	  disadvantaged).	  	  An	  important	  feature	  of	  the	  MOR	  is	  that	  it	  translates	  neighborhood-­‐level	  
variance	  into	  a	  scale	  comparable	  with	  the	  conventional	  odds	  ratio.	  	  It	  is	  always	  greater	  than	  or	  
equal	  to	  1,	  with	  an	  MOR=1	  indicating	  no	  variation	  between	  neighborhoods.	  	  All	  data	  
management	  and	  analyses	  were	  carried	  out	  using	  SAS60.	  
	  
Results	  
Table	  3.1	  describes	  the	  final	  sample	  comprising	  460,881	  women	  in	  42	  UHF	  neighborhoods.	  
White	  women	  constituted	  the	  largest	  race/ethnic	  proportion	  of	  the	  sample	  (31.6);	  Cuban	  
women	  constituted	  the	  smallest	  (0.02).	  	  The	  mean	  age	  of	  women	  overall	  was	  28.2	  years.	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Approximately	  half	  of	  them	  were	  foreign	  born	  (49.8%),	  classified	  as	  married	  (49.5%)	  and	  
received	  some	  form	  of	  public	  assistance	  (52.7%).	  	  Most	  women	  had	  either	  completed	  high	  
school	  (31.8%)	  or	  had	  attended	  some	  graduate	  school	  (24.6%).	  	  Virtually	  all	  women	  in	  the	  
sample	  had	  health	  insurance	  coverage	  (97.9%).	  	  The	  average	  woman	  had	  a	  pregnancy	  lasting	  
38.8	  weeks,	  during	  which	  she	  gained	  30.8	  pounds.	  	  Most	  births	  were	  to	  multiparous	  women	  
(55.3%,	  versus	  44.7%	  primiparous)	  and	  less	  than	  2%	  of	  women	  reported	  using	  alcohol	  and/or	  
tobacco	  during	  pregnancy.	  The	  mean	  neighborhood	  SE	  score	  across	  all	  UHF	  neighborhoods	  was	  	  
-­‐0.4.	  
	  	  
Demographic	  characteristics	  and	  behaviors	  varied	  substantially	  by	  race/ethnic	  subgroup	  among	  
women	  in	  the	  sample	  (Table	  3.1).	  	  Overall,	  Puerto	  Rican	  and	  Mexican	  women	  were	  the	  
youngest	  in	  the	  sample.	  	  Mexican	  women	  were	  the	  most	  likely	  (95.5%)	  and	  Puerto	  Rican	  the	  
least	  likely	  (17.8%)	  to	  be	  foreign-­‐born.	  	  Mexican	  women	  (63.1%)	  were	  the	  group	  most	  likely	  to	  
have	  less	  than	  a	  high	  school	  education,	  while	  white	  (49.8%)	  women	  were	  most	  likely	  to	  have	  
completed	  college	  and/or	  post	  graduate	  studies.	  	  White	  women	  (87.7%)	  were	  also	  most	  likely	  
to	  be	  married,	  while	  Puerto	  Rican	  women	  were	  least	  likely	  (25.6%).	  	  Public	  assistance	  was	  most	  
common	  among	  Mexican	  women	  (82.4%)	  and	  least	  reported	  among	  white	  women	  (22.2%).	  	  All	  
statistical	  comparisons	  were	  significant	  at	  p	  <	  0.0001.	  
	  
The	  mean	  maternal	  weight	  gain	  (in	  pounds)	  during	  pregnancy	  was	  lowest	  among	  Mexican	  
women,	  highest	  among	  Cuban	  women	  (range:	  26.4,	  33.7).	  	  There	  was	  little	  variation	  across	  
groups	  in	  the	  prevalence	  of	  reported	  alcohol	  use	  during	  pregnancy,	  which	  was	  lowest	  among	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Mexican	  women	  and	  highest	  among	  black	  women	  (range:	  <0.1,	  0.3),	  as	  well	  as	  very	  minor	  
differences	  in	  the	  mean	  gestational	  age,	  which	  was	  lowest	  among	  blacks	  and	  highest	  among	  
Mexican	  and	  whites	  (range:	  38.5,	  39.0).	  In	  contrast,	  a	  far	  broader	  range	  was	  observed	  across	  
groups	  in	  the	  prevalence	  of	  tobacco	  use	  (range:	  0.1,	  4.1),	  which	  was	  lowest	  among	  Mexicans	  
and	  highest	  among	  Puerto	  Ricans,	  as	  well	  as	  in	  the	  proportion	  of	  first-­‐born	  infants,	  which	  was	  
lowest	  among	  Mexican	  women	  and	  highest	  among	  Cuban	  women	  (range:	  37.4,	  54.7).	  	  	  All	  
statistical	  comparisons	  were	  significant	  at	  p	  <	  0.0001.	  	  	  
	  
Variations	  in	  mean	  SE	  neighborhood	  score	  were	  consistent	  with	  differences	  observed	  with	  
individual-­‐level	  variables,	  which	  were	  generally	  more	  favorable	  for	  white	  and	  Cuban	  women	  
than	  for	  their	  black	  and	  Hispanic	  subgroup	  counterparts.	  	  	  The	  lowest	  mean	  neighborhood	  
scores	  were	  observed	  for	  Dominican	  (-­‐3.9),	  Puerto	  Rican	  (-­‐2.8)	  and	  black	  (-­‐2.2)	  women	  and	  the	  
highest	  were	  observed	  for	  white	  (3.9)	  and	  Cuban	  (1.1)	  women.	  All	  statistical	  comparisons	  listed	  
above	  were	  significant	  at	  p	  <	  0.0001.	  
	  
The	  cumulative	  incidence	  (or	  incidence	  proportion)	  of	  SGA	  in	  the	  overall	  population	  was	  12.1	  
(Table	  3.2).	  	  It	  was	  highest	  among	  infants	  born	  to	  mothers	  who	  were	  primiparous,	  younger	  (15-­‐
28	  years),	  were	  U.S.-­‐born,	  had	  completed	  less	  than	  12	  years	  of	  education,	  were	  unmarried,	  and	  
received	  public	  assistance.	  	  Characteristics	  of	  the	  pregnancy	  or	  infant	  were	  also	  associated	  with	  
an	  increase	  in	  SGA,	  as	  seen	  for	  infants	  born	  to	  women	  reporting	  alcohol	  or	  tobacco	  use	  during	  
pregnancy	  and	  among	  first-­‐	  born	  infants.	  	  	  Moreover,	  SGA	  incidence	  decreased	  from	  the	  most	  
disadvantaged	  (Quintile	  1)	  to	  most	  advantaged	  (Quintile	  5)	  categories	  of	  SE	  score,	  suggesting	  an	  
	  
	   82	  
inverse	  relationship	  between	  SGA	  and	  neighborhood	  advantage.	  	  Again,	  all	  these	  statistical	  
comparisons	  were	  significant	  at	  p	  <	  0.0001.	  
	  
Across	  all	  characteristics,	  black	  women	  exhibited	  the	  greatest	  incidence	  of	  SGA	  while	  South	  
American	  or	  Cuban	  women	  had	  the	  lowest	  incidence;	  among	  Hispanic	  subgroups,	  Puerto	  Rican	  
women	  exhibited	  the	  greatest	  incidence.	  	  Among	  women	  who	  were	  younger	  (17.3	  and	  9.4,	  
respectively),	  U.S.-­‐born	  (17.5	  and	  9.2,	  respectively),	  had	  not	  completed	  high	  school	  (19.3	  and	  
9.0),	  were	  unmarried	  (17.1	  and	  8.9,	  respectively),	  or	  received	  public	  assistance	  (16.4	  and	  8.4,	  
respectively)	  SGA	  incidence	  of	  black	  women	  of	  was	  approximately	  double	  that	  of	  South	  
Americans.	  	  The	  disparity	  in	  SGA	  incidence	  was	  more	  prominent	  still	  among	  those	  who	  reported	  
alcohol	  (26.1	  and	  0.0,	  black	  and	  Mexican	  or	  Cuban	  respectively)	  and	  tobacco	  use	  (26.6	  and	  0.0,	  
black	  and	  South	  American	  respectively)	  during	  their	  pregnancy.	  	  The	  difference	  between	  black	  
and	  Cuban	  women	  was	  less	  pronounced	  among	  primiparous	  women	  (18.5	  and	  10.2)	  .	  
	  
Table	  3.3	  presents	  the	  results	  of	  multilevel	  logistic	  regression	  analysis	  for	  SGA,	  including	  
measures	  of	  variation	  and	  clustering.	  	  The	  low	  ICC	  range	  (range:	  0.00316-­‐0.01365)	  observed	  
across	  the	  crude	  and	  adjusted	  models	  suggests	  that	  only	  a	  minimal	  fraction	  of	  the	  variance	  in	  
SGA	  was	  due	  to	  contextual	  factors	  at	  the	  UHF	  neighborhood-­‐level	  and	  that	  most	  of	  variance	  
could	  be	  explained	  by	  individual-­‐level	  characteristics.	  	  Of	  all	  the	  factors	  adjusted	  for	  across	  the	  
models,	  the	  contribution	  of	  maternal	  race/ethnicity	  was	  the	  most	  prominent	  (crude	  model,	  -­‐
72.5%).	  	  The	  proportional	  change	  in	  variance	  in	  models	  1,	  2	  and	  3	  (-­‐14.6,	  2.5,	  -­‐4.7,	  respectively)	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indicates	  that	  maternal	  demographic	  characteristics,	  birthplace	  and	  neighborhood	  SE	  score	  
exerted	  a	  far	  more	  modest	  influence	  on	  SGA.	  	  
	  
The	  MOR	  of	  the	  empty	  SGA	  model	  (1.22)	  suggests	  some	  neighborhood-­‐level	  variation,	  and	  
more	  specifically,	  indicates	  that	  in	  the	  absence	  of	  any	  covariates,	  a	  woman’s	  risk	  of	  having	  a	  
SGA	  infant	  would	  increase	  1.22	  times,	  in	  median,	  if	  she	  moved	  to	  a	  more	  disadvantaged	  
neighborhood.	  	  The	  attenuation	  of	  the	  MOR	  in	  the	  ensuing	  models	  (crude	  model:	  1.11,	  Model	  
1:	  1.10,	  Model	  2:	  1.10	  and	  Model	  3:	  1.10)	  demonstrates	  that	  in	  the	  presence	  of	  the	  individual-­‐
level	  covariates	  specified	  in	  each	  model,	  the	  contribution	  of	  contextual	  conditions	  diminished	  
and	  that	  the	  clustering	  of	  women	  in	  neighborhoods	  had	  a	  minor	  effect	  on	  their	  risk	  of	  bearing	  
an	  SGA	  infant.	  	  This	  highlights	  the	  importance	  of	  individual-­‐level	  characteristics	  underscored	  by	  
the	  ICC.	  
	  
The	  crude	  and	  adjusted	  estimates	  for	  SGA	  according	  to	  race/ethnicity	  are	  also	  presented	  in	  
Table	  3.3.	  	  In	  the	  unadjusted	  model,	  the	  average	  odds	  among	  black	  mothers	  across	  all	  
neighborhoods	  of	  having	  an	  SGA	  infant	  were	  1.73	  (95%CI:1.68,1.78)	  times	  greater	  than	  the	  
average	  odds	  of	  white	  mothers.	  	  The	  average	  odds	  of	  SGA	  across	  all	  neighborhoods	  ranged	  
widely	  among	  Hispanic	  subgroups.	  As	  compared	  to	  their	  white	  counterparts,	  the	  average	  
unadjusted	  odds	  of	  having	  an	  SGA	  infant	  were	  significantly	  lower	  among	  South	  American	  
women	  (OR:0.9;95%CI:0.86,0.95)	  while	  greater	  among	  Puerto	  Rican	  (OR:1.43;95%CI:1.38,1.48),	  
Dominican	  (OR:1.13;95%CI:1.09,1.18),	  Mexican	  (OR:1.06;95%CI:1.02,1.10)	  and	  Central	  
American	  (OR:1.17;95%CI:1.10,1.24)	  women.	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With	  adjustment	  for	  maternal	  age,	  educational	  attainment	  and	  marital	  status	  in	  Model	  1,	  the	  
association	  between	  maternal	  race/ethnicity	  and	  SGA	  persisted	  but	  was	  attenuated	  among	  
black	  and	  Puerto	  Rican	  mothers	  (OR:1.50;95%CI:1.46,1.55	  and	  OR:1.19;95%CI:1.15,1.24,	  
respectively)	  as	  compared	  to	  white	  women,	  and	  disappeared	  altogether	  among	  Dominican,	  
Central	  American	  and	  Cuban	  mothers.	  	  However,	  the	  protective	  effect	  of	  race/ethnicity	  against	  
SGA	  was	  present	  for	  South	  American	  (OR:0.80;95%CI:0.76,0.84)	  and	  Mexican	  
(OR:0.85;95%CI:0.81,0.88)	  mothers,	  as	  compared	  to	  their	  white	  counterparts.	  
	  
The	  inclusion	  of	  maternal	  nativity	  status	  in	  Model	  2	  led	  to	  a	  modest	  increase	  in	  the	  average	  
odds	  of	  having	  an	  SGA	  infant	  for	  black	  women	  (OR:1.52;	  95%CI:1.47,1.57),	  a	  minor	  decrease	  in	  
the	  average	  odds	  among	  Puerto	  Rican	  women	  (OR:1.18;	  95%CI:1.13,1.22)	  and	  the	  attenuation	  
of	  the	  association	  for	  Mexican	  and	  South	  American	  women	  (OR:	  0.91;	  95%CI:0.87,0.95	  and	  
OR:0.85;	  95%CI:0.81,0.89,	  respectively).	  	  No	  association	  was	  observed	  among	  Dominican,	  
Central	  American	  and	  Cuban	  women.	  	  Adjustment	  for	  SE	  score	  in	  Model	  3	  did	  not	  alter	  the	  
strength	  or	  the	  statistical	  significance	  of	  the	  relationship	  between	  race/ethnicity	  and	  SGA	  for	  
black	  women	  or	  for	  women	  of	  any	  of	  the	  Hispanic	  subgroups.	  
	  
Following	  the	  significance	  of	  the	  interaction	  term	  (maternal	  race/ethnicity*nativity;	  p<0.0001),	  
stratified	  analyses	  were	  conducted	  (Table	  3.4).	  	  The	  ICC	  in	  the	  stratified	  SGA	  models	  indicated	  
that,	  independent	  of	  nativity	  status,	  contextual	  factors	  explained	  only	  a	  minor	  fraction	  of	  the	  
variance	  in	  SGA	  (0.4%	  and	  0.3%,	  respectively).	  	  In	  addition,	  the	  MOR	  across	  nativity	  strata	  (1.11	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and	  1.10,	  respectively)	  are	  fairly	  small,	  suggesting	  only	  slight	  variation	  across	  neighborhoods.	  	  
These	  estimates	  not	  only	  draw	  attention	  to	  the	  very	  similar	  influence	  of	  neighborhood	  
conditions	  on	  SGA	  risk	  for	  both	  U.S.-­‐	  and	  foreign-­‐born	  women,	  but	  also	  indicate	  that	  most	  of	  
the	  variance	  in	  SGA	  risk	  occurs	  at	  the	  individual	  level.	  	  
	  
Overall,	  the	  average	  odds	  of	  having	  an	  SGA	  infant	  exhibited	  by	  foreign-­‐born	  women	  were	  lower	  
than	  those	  of	  their	  U.S.-­‐born	  counterparts,	  with	  the	  exception	  of	  Puerto	  Rican	  women.	  	  As	  
compared	  to	  their	  white	  counterparts,	  U.S.-­‐born	  black	  women	  exhibited	  the	  highest	  average	  
odds	  (OR:1.51;95%CI:1.44,1.57),	  followed	  by	  Puerto	  Rican	  women	  (OR:1.13;	  95%CI:1.08,1.18).	  	  
South	  American	  women	  were	  the	  only	  subgroup	  among	  U.S.-­‐born	  women	  that	  appeared	  to	  
have	  an	  SGA	  advantage,	  as	  compared	  to	  white	  women	  (OR:0.84;	  95%CI:0.74,0.95).	  	  The	  
observed	  risk	  among	  U.S.-­‐born	  Central	  American,	  Mexican,	  Dominican	  and	  Cuban	  women	  was	  
not	  statistically	  different	  from	  that	  of	  U.S.-­‐born	  white	  women.	  	  	  
	  
Among	  foreign-­‐born	  women,	  the	  pattern	  did	  not	  differ	  substantially.	  	  The	  odds	  of	  having	  an	  
SGA	  infant	  among	  black	  and	  Puerto	  Rican	  women	  were	  attenuated	  but	  remained	  highest	  of	  all	  
the	  groups	  in	  the	  strata	  (OR:1.46;	  95%CI:1.39,1.53	  and	  OR:1.27;95%CI:1.17,1.37,	  respectively).	  	  
The	  risk	  among	  Dominican	  and	  Central	  American	  women	  did	  not	  differ	  from	  that	  of	  white	  
women	  in	  the	  stratum.	  	  Unlike	  their	  U.S.-­‐born	  counterparts,	  foreign-­‐born	  Mexican	  and	  Cuban	  
women	  exhibited	  lower	  SGA	  risk	  than	  their	  white	  counterparts	  (OR:0.92;95%CI:0.87,0.97	  and	  
OR:0.46;95%CI:0.25,0.85,	  respectively).	  	  The	  odds	  of	  foreign-­‐born	  South	  American	  women,	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unchanged	  from	  the	  U.S.-­‐born	  stratum,	  were	  significantly	  lower	  as	  compared	  to	  their	  white	  
counterparts	  (OR:0.84;95%CI:0.79,0.89).	  	  	  
	  
Discussion	  
Among	  women	  residing	  in	  NYC	  at	  the	  time	  of	  birth,	  the	  odds	  of	  having	  an	  SGA	  infant	  were	  
greater	  among	  black	  and	  Puerto	  Rican	  women	  and	  lower	  among	  Mexican	  and	  South	  American	  
women,	  as	  compared	  to	  white	  women.	  	  The	  odds	  of	  SGA	  observed	  among	  infants	  born	  to	  
Dominicans,	  Central	  Americans	  and	  Cubans	  were	  similar	  to	  that	  of	  whites.	  	  In	  addition,	  SGA	  risk	  
varied	  by	  maternal	  nativity	  status,	  with	  more	  favorable	  SGA	  odds	  observed	  among	  infants	  of	  
foreign-­‐born	  women,	  as	  compared	  to	  their	  U.S.-­‐born	  counterparts.	  	  The	  exceptions	  to	  this	  were	  
Puerto	  Ricans,	  for	  whom	  the	  risk	  was	  greater	  among	  foreign-­‐born	  women,	  and	  South	  
Americans,	  for	  whom	  the	  risk	  was	  equal	  across	  nativity	  strata.	  	  Furthermore,	  measures	  of	  
neighborhood-­‐level	  variation	  indicated	  that	  the	  clustering	  of	  women	  in	  their	  neighborhoods	  of	  
residence	  contributed	  only	  minimally	  to	  the	  overall	  observed	  variance	  in	  SGA.	  	  Maternal	  
race/ethnicity	  was	  identified	  as	  the	  single	  most	  important	  determinant	  of	  risk	  of	  bearing	  an	  
SGA	  infant.	  
	  
While	  a	  direct	  comparison	  of	  SGA	  and	  other	  adverse	  perinatal	  outcomes	  is	  tenuous,	  it	  is	  
important	  nonetheless	  to	  highlight	  that	  the	  increased	  odds	  of	  SGA	  observed	  among	  black	  
mothers	  in	  this	  sample	  is	  consistent	  with	  past	  studies61-­‐64	  examining	  measures	  of	  birthweight	  
and	  of	  infant	  size	  that	  found	  the	  risk	  to	  be	  highest	  among	  the	  infants	  of	  black	  women,	  as	  
compared	  to	  their	  white	  and	  Hispanic	  counterparts.	  	  For	  example,	  Shiono	  et	  al.61	  identified	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lower	  mean	  birthweight	  among	  infants	  of	  African	  American	  mothers	  as	  compared	  to	  white	  
mothers.	  	  This	  disadvantage	  has	  been	  further	  substantiated	  with	  research	  by	  Goldenberg	  et	  
al.62	  and	  Alexander	  et	  al.63	  who	  found	  that,	  as	  compared	  to	  white	  women	  in	  their	  studies,	  black	  
women	  had	  twice	  the	  odds	  of	  intrauterine	  growth	  restriction	  (IUGR)62	  and	  2.64	  times	  the	  risk	  of	  
SGA63,	  respectively.	  	  Moreover,	  with	  their	  analysis	  of	  U.S.	  birth	  records	  over	  two	  decades,	  
Branum	  and	  Schoendorf	  found	  that	  the	  proportion	  of	  black	  singleton	  LBW	  infants	  was	  
consistently	  more	  than	  double	  that	  of	  their	  white	  counterparts	  64.	  	  	  
	  
In	  past	  analyses,	  Puerto	  Rican	  women	  have	  consistently	  exhibited	  poorer	  outcomes,	  as	  
compared	  to	  white	  women	  16-­‐18,	  22,	  24,	  25,	  27,	  30.	  	  This	  study	  also	  identified	  a	  significantly	  greater	  
risk	  of	  bearing	  an	  SGA	  infant	  among	  Puerto	  Rican	  women	  (OR:1.17;95%CI:1.13,1.22)	  relative	  to	  
white	  women,	  but	  less	  so	  than	  for	  black	  women	  (OR:1.52;95%CI:1.47,1.57)	  (Model	  3,	  Table	  
3.3).	  	  These	  were	  the	  only	  groups	  found	  to	  have	  greater	  SGA	  risk,	  as	  compared	  to	  white	  
women,	  in	  this	  study.	  	  	  	  
	  	  
The	  health	  advantage	  observed	  in	  Mexicans	  which	  initially	  constituted	  the	  basis	  for	  the	  Hispanic	  
paradox65	  has	  since	  been	  substantiated	  by	  a	  large	  body	  of	  research	  identifying	  equal	  or	  lesser	  
LBW	  risk	  among	  Mexicans	  as	  compared	  to	  whites	  15-­‐18,	  22,	  24,	  25,	  27.	  Findings	  pertaining	  to	  South	  
Americans	  have	  been	  mixed,	  with	  evidence	  supporting	  both	  significantly	  greater	  risk	  of	  an	  
LBW24	  or	  SGA30	  infant	  as	  well	  as	  research	  indicating	  lesser	  or	  equal	  risk22,	  25,	  as	  compared	  to	  
whites,	  perhaps	  reflecting	  varying	  mixes	  of	  South	  American	  countries	  of	  origin.	  	  However,	  South	  
Americans	  have	  received	  scarce	  attention	  in	  the	  literature	  overall	  and	  have	  often	  been	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classified	  together	  with	  Central	  Americans.	  	  The	  risk	  of	  having	  an	  SGA	  infant	  for	  Mexican	  and	  
South	  American	  women	  in	  this	  study	  was	  significantly	  lower	  than	  that	  of	  white	  women,	  
confirming	  the	  Hispanic	  paradox	  for	  these	  groups.	  	  	  
	  
Only	  a	  handful	  of	  research	  studies	  have	  examined	  measures	  of	  birthweight	  or	  infant	  size	  in	  
Cubans,	  in	  Dominicans	  and	  in	  Central	  Americans	  disaggregated	  from	  South	  Americans.	  	  These	  
have	  largely	  focused	  on	  LBW,	  followed	  different	  methodological	  approaches,	  and	  yielded	  
inconsistent	  results.	  	  As	  compared	  to	  whites,	  some	  findings	  have	  suggested	  that	  the	  risk	  of	  
having	  a	  LBW	  infant	  is	  comparable	  for	  Central	  Americans	  and	  Cubans22,	  while	  other	  studies	  
have	  concluded	  that	  the	  risk	  is	  elevated	  for	  both	  these	  groups25,	  27,	  and	  still	  others	  found	  the	  
risk	  to	  be	  greater	  only	  among	  Central	  Americans24.	  	  Points	  of	  comparison	  for	  Dominican	  women	  
are	  also	  rare	  and	  lacking	  in	  uniformity.	  	  Rosenberg	  et	  al.	  examined	  six	  Hispanic	  subgroups	  by	  
nativity	  and	  found	  that	  foreign-­‐born	  Dominican	  women,	  in	  addition	  to	  Puerto	  Rican	  women	  
regardless	  of	  nativity,	  had	  a	  significantly	  higher	  risk	  of	  LBW	  as	  compared	  to	  their	  Ecuadorian	  
counterparts28.	  	  Yet	  another	  study,	  employing	  Dominican	  women	  as	  the	  reference	  group,	  
examined	  a	  small	  sample	  of	  Hispanic	  women	  from	  multiple	  countries	  of	  origin	  and	  found	  that	  
only	  women	  of	  Guatemalan	  ancestry	  exhibited	  less	  risk	  of	  LBW29.	  
	  
To	  date,	  only	  Stein	  et	  al.	  have	  examined	  SGA	  among	  multiple	  Hispanic	  subgroups	  compared	  to	  
non-­‐Hispanic	  whites	  overall30.	  	  Their	  research	  focused	  on	  term	  births	  among	  Dominicans,	  
Puerto	  Ricans,	  Cubans,	  Mexicans,	  Salvadorians,	  Hondurans,	  other	  Central	  Americans,	  
Colombians,	  Ecuadorians,	  and	  other	  South	  Americans,	  controlling	  for	  maternal	  age,	  nativity	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status,	  parity,	  education,	  tobacco	  use,	  prepregnancy	  weight	  and	  birth	  year.	  	  Stein	  et	  al.	  
concluded	  that	  among	  almost	  all	  these	  groups	  the	  odds	  of	  having	  an	  SGA	  infant	  were	  
significantly	  greater	  than	  their	  white	  counterparts,	  with	  the	  exception	  of	  Other	  South	  
Americans	  and	  Colombians	  who	  exhibited	  significantly	  lower	  risk	  and	  similar	  risk	  as	  compared	  
to	  whites,	  respectively.	  	  The	  present	  study	  also	  controlled	  for	  nativity	  status	  (Table	  3.3,	  Model	  
3)	  but	  found	  that	  the	  odds	  of	  bearing	  an	  SGA	  infant	  for	  Dominican,	  Central	  American	  and	  Cuban	  
women	  was	  not	  significantly	  different	  from	  white	  women.	  	  	  
	  
The	  discrepancy	  of	  the	  present	  findings	  with	  those	  of	  Stein	  et	  al.	  may	  be	  attributable	  to	  
particular	  aspects	  of	  Stein	  et	  al.’s	  analytical	  approach,	  such	  as	  restriction	  of	  the	  analysis	  to	  term	  
SGA,	  the	  failure	  to	  control	  for	  neighborhood	  disadvantage	  or	  have	  an	  inclusion	  criteria	  for	  
maternal	  age	  range,	  as	  well	  as	  adjustment	  for	  parity,	  tobacco	  use,	  prepregnancy	  weight	  and	  
year.	  	  For	  instance,	  their	  focus	  on	  term	  births	  may	  have	  resulted	  in	  higher	  SGA	  risk	  estimates	  for	  
Hispanic	  subgroups.	  	  This	  is	  supported	  by	  past	  research	  suggesting	  that	  preterm	  infants	  born	  to	  
mothers	  of	  Mexican	  ancestry	  were	  similar	  in	  size	  to	  their	  non-­‐Hispanic	  white	  counterparts	  
whereas	  those	  born	  at	  term	  were	  on	  average	  smaller	  than	  white	  infants15.	  	  Moreover,	  without	  
accounting	  for	  neighborhood	  disadvantage,	  Stein	  et	  al.	  may	  have	  overestimated	  the	  odds	  of	  
SGA	  for	  infants	  of	  Hispanic	  mothers,	  many	  of	  which	  reside	  in	  resource-­‐poor	  communities.	  	  In	  
addition,	  given	  that	  the	  maternal	  age	  range	  among	  participants	  was	  not	  specified	  by	  Stein	  et	  al.,	  
it	  is	  possible	  that	  younger	  women	  (<20	  years)	  with	  a	  greater	  risk	  for	  adverse	  birth	  outcomes	  
were	  included	  in	  the	  study,	  leading	  to	  larger	  effect	  estimates.	  	  Adjustment	  for	  parity	  and	  
prepregnancy	  weight	  in	  the	  analysis	  by	  Stein	  et	  al.	  may	  have	  also	  contributed	  to	  differences	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with	  the	  present	  study	  findings,	  as	  it	  would	  have	  emphasized	  the	  greater	  likelihood	  of	  smaller	  
infants	  among	  multiparous	  women	  and	  smaller	  women.	  	  Furthermore,	  the	  years	  included	  in	  the	  
present	  analysis	  and	  in	  that	  of	  Stein	  et	  al.	  may	  have	  resulted	  in	  a	  cohort	  effect	  wherein	  infant	  
size	  varied	  in	  the	  population	  over	  time.	  	  	  
	  
Consistent	  with	  past	  research,	  the	  odds	  of	  bearing	  an	  SGA	  infant	  were	  elevated	  among	  both	  
U.S.-­‐	  and	  foreign-­‐born	  black	  women	  as	  compared	  to	  their	  white	  counterparts66,	  67	  and	  the	  odds	  
varied	  substantially	  across	  Hispanic	  subgroups	  within	  nativity	  strata26-­‐29.	  	  	  The	  pronounced	  
increase	  in	  the	  odds	  of	  foreign-­‐born	  Puerto	  Rican	  women	  does	  not	  concur	  with	  past	  study	  
findings	  which	  suggested	  that	  the	  risk	  of	  having	  a	  LBW	  infant	  does	  not	  vary	  significantly	  by	  
maternal	  nativity	  status	  among	  Puerto	  Ricans	  26-­‐28.	  	  While	  the	  protective	  effect	  of	  maternal	  
foreign	  nativity	  among	  Mexicans	  has	  been	  established18,	  26,	  27	  and	  replicated	  here,	  the	  
advantage	  observed	  among	  South	  American	  women	  has	  been	  documented	  by	  only	  one	  prior	  
study26.	  	  In	  contrast,	  the	  findings	  among	  foreign-­‐born	  Cubans,	  whose	  SGA	  odds	  were	  half	  those	  
of	  their	  white	  counterparts	  in	  this	  study,	  do	  not	  corroborate	  prior	  research.	  	  Past	  studies	  
concluded	  that	  foreign	  nativity	  attenuated	  the	  risk	  of	  Cuban	  women26	  or	  exerted	  no	  effect27,	  
but	  did	  not	  find	  a	  protective	  effect.	  	  Finally,	  the	  odds	  of	  Dominicans	  and	  Central	  Americans	  did	  
not	  vary	  significantly	  across	  nativity	  strata.	  	  These	  results	  strengthen	  existing	  evidence	  about	  
certain	  groups,	  such	  as	  Mexicans	  and	  South	  Americans,	  but	  also	  provide	  new	  knowledge	  on	  
Puerto	  Ricans	  and	  Cubans	  as	  well	  as	  on	  groups	  that	  have	  been	  underrepresented	  in	  the	  
literature,	  such	  as	  Dominicans	  and	  Central	  Americans.	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The	  observed	  heterogeneity	  in	  measures	  of	  birthweight	  and	  infant	  size	  across	  Hispanic	  
subgroups	  may	  reflect	  differences	  in	  social	  position	  that	  influence	  health	  and	  determine	  
socioeconomic	  advantage.	  	  One	  such	  example	  may	  be	  differing	  experiences	  with	  racism	  and	  
discrimination	  in	  U.S.	  society.	  	  The	  diverse	  and	  mixed	  heritage	  of	  Hispanics	  in	  the	  U.S.	  is	  
reflected	  in	  a	  wide	  variety	  of	  phenotypes,	  ranging	  from	  populations	  with	  considerable	  African	  
ancestry,	  such	  as	  Dominicans	  and	  Puerto	  Ricans,	  those	  with	  prominent	  indigenous	  ancestry,	  
such	  as	  Guatemalans	  and	  Bolivians,	  and	  those	  with	  predominantly	  European	  ancestry,	  such	  as	  
Argentines.	  	  Given	  this	  diversity,	  Borrell	  posits	  that	  the	  categorization	  of	  different	  Hispanics	  into	  
U.S.	  racial	  taxonomies,	  either	  by	  self-­‐identification	  or	  by	  the	  larger	  society,	  may	  lead	  to	  more	  or	  
less	  favorable	  health	  outcomes	  contingent	  on	  the	  racial	  group	  with	  which	  an	  individual	  
identifies68.	  	  Similarly,	  research	  on	  socially	  assigned	  race	  by	  Jones	  et	  al.	  has	  noted	  a	  significant	  
health	  advantage	  in	  people	  who	  do	  not	  self-­‐identify	  as	  white	  but	  are	  classified	  as	  white	  by	  
others	  69.	  	  The	  increased	  odds	  among	  infants	  of	  both	  black	  and	  Puerto	  Rican	  mothers	  observed	  
in	  the	  adjusted	  analysis,	  as	  well	  as	  the	  absence	  of	  a	  protective	  effect	  among	  these	  groups	  in	  the	  
foreign-­‐born	  strata,	  may	  be	  attributable	  to	  embodiment	  of	  discrimination	  on	  birth	  outcomes,	  
through	  socially	  patterned	  maternal	  stress	  pathways,	  inflammatory	  responses,	  and	  vascular	  or	  
neurocrine	  dysfunction70.	  	  However,	  the	  absence	  of	  elevated	  SGA	  risk	  among	  Dominican	  
women	  as	  compared	  to	  their	  white	  counterparts	  suggests	  that	  other	  mechanisms	  may	  also	  play	  
a	  role	  in	  influencing	  maternal/child	  health	  since	  phenotypically,	  Dominican	  women	  may	  also	  be	  
at	  risk	  of	  a	  socially	  assigned	  racial	  categorization	  that	  exposes	  them	  to	  discrimination.	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The	  differences	  across	  Hispanic	  subgroups	  may	  also	  be	  explained	  by	  social	  support	  and	  cultural	  
norms	  fostering	  salubrious	  behavior,	  which	  may	  vary	  across	  race/ethnic-­‐nativity	  subgroups.	  	  
Extensive	  research	  has	  documented	  the	  positive	  influence	  of	  social	  networks	  and	  family	  
support71,	  72,	  as	  well	  as	  cultural	  practices	  and	  traditional	  belief	  systems	  thought	  to	  encourage	  
healthy	  diet	  and	  lifestyle71,	  73-­‐79,	  that	  in	  turn	  are	  considered	  to	  promote	  favorable	  birth	  
outcomes.	  	  These	  elements	  may	  have	  contributed	  to	  the	  lower	  risk	  of	  having	  an	  SGA	  infant	  
observed	  in	  this	  study	  among	  Dominican,	  Mexican,	  South	  American,	  Central	  American	  and	  
Cuban	  women,	  relative	  to	  Puerto	  Ricans	  in	  this	  study.	  	  In	  contrast	  to	  Puerto	  Ricans,	  whose	  
migration	  to	  NYC	  reached	  its	  height	  in	  the	  post-­‐WW	  II	  period,	  most	  of	  the	  subgroup	  populations	  
migrated	  in	  recent	  decades80.	  	  Given	  their	  more	  recent	  arrival,	  these	  groups	  may	  have	  
experienced	  less	  acculturation,	  which	  is	  associated	  with	  the	  dissipation	  of	  salubrious	  cultural	  
norms	  67,	  71,	  77-­‐79,	  81.	  	  Furthermore,	  the	  practices	  and	  relationships	  that	  promote	  good	  health	  may	  
also	  confer	  protection	  against	  the	  adverse	  effects	  of	  socioeconomic	  disadvantage,	  explaining	  
the	  apparent	  SES/health	  contradiction	  at	  the	  heart	  of	  the	  Hispanic	  paradox.	  
	  
Neighborhood	  context,	  as	  measured	  by	  the	  UHF	  neighborhood	  where	  each	  woman	  resided	  at	  
the	  time	  of	  birth,	  was	  of	  minor	  consequence	  to	  the	  variation	  of	  SGA	  in	  this	  study.	  	  Its	  observed	  
influence,	  far	  outweighed	  by	  that	  of	  individual	  race/ethnicity,	  may	  have	  been	  minimal	  owing	  to	  
the	  concentration	  of	  most	  Hispanic	  subgroups	  within	  a	  few	  areas	  across	  NYC.	  	  Examples	  of	  this	  
are	  the	  established	  Dominican	  enclaves	  in	  northern	  Manhattan	  and	  western	  Bronx,	  as	  well	  as	  
the	  more	  recent	  Mexican	  settlements	  in	  areas	  of	  western	  Queens	  and	  western	  Brooklyn80.	  	  
Neighborhood	  variation	  within	  subgroups	  may	  be	  lacking	  due	  to	  this	  geographic	  concentration,	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since	  it	  inhibits	  comparing	  women	  who	  are	  of	  the	  same	  subgroup,	  but	  living	  in	  different	  
neighborhood	  conditions.	  	  In	  addition,	  the	  lack	  of	  observed	  effect	  of	  neighborhood	  SE	  score	  
signals	  that	  socioeconomic	  context	  may	  not	  be	  an	  important	  predictor	  of	  SGA	  in	  NYC	  among	  the	  
race/ethnicity	  groups	  studied,	  but	  does	  not	  preclude	  the	  significance	  of	  other	  neighborhood-­‐
level	  measures	  not	  considered	  here.	  	  	  	  
	  
One	  of	  the	  primary	  limitations	  of	  the	  NYCDOHMH	  dataset	  is	  that	  it	  does	  not	  allow	  further	  
investigation	  into	  the	  influence	  of	  acculturation	  and	  the	  effect	  of	  aforementioned	  protective	  
factors,	  such	  as	  cultural	  practices	  and	  social	  support.	  	  	  It	  contains	  no	  information	  on	  length	  of	  
stay	  in	  the	  U.S.,	  which	  can	  lead	  to	  considerable	  heterogeneity	  in	  the	  foreign-­‐born	  stratum	  as	  
both	  recent	  arrivals	  and	  well-­‐established	  immigrants	  are	  classified	  together,	  although	  their	  
experience	  in	  the	  U.S.	  and	  cultural	  profile	  may	  differ	  substantially.	  	  This	  could	  lead	  to	  an	  
underestimation	  of	  SGA	  risk	  among	  Hispanic	  subgroups	  that	  have	  a	  greater	  proportion	  of	  births	  
among	  newly	  arrived	  women,	  which	  would	  not	  necessarily	  account	  for	  the	  experience	  of	  
foreign-­‐born	  women	  who	  have	  resided	  in	  the	  U.S.	  for	  a	  substantial	  period	  of	  their	  lives.	  	  	  
	  
Furthermore,	  while	  the	  dataset	  contains	  extensive	  and	  very	  detailed	  data	  on	  pregnancy	  and	  
birth	  characteristics,	  it	  does	  not	  include	  information	  on	  dietary	  habits,	  social	  networks	  or	  social	  
support.	  	  Measures	  of	  alcohol	  and	  tobacco	  use	  during	  pregnancy	  are	  included	  in	  this	  study,	  but	  
are	  based	  on	  mothers'	  self-­‐report,	  which	  past	  research	  suggests	  is	  prone	  to	  underreporting	  82.	  	  
The	  prevalence	  of	  health-­‐promoting	  behaviors	  and	  conditions	  is	  most	  likely	  to	  be	  greater	  
among	  populations	  with	  more	  recent	  migration	  patterns,	  which	  in	  the	  absence	  of	  data	  on	  these	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factors	  and	  measures	  of	  length	  of	  stay,	  may	  lead	  to	  underestimation	  of	  risk	  among	  subgroups	  
that	  include	  more	  newly	  arrived	  women.	  	  	  
	  
Finally,	  given	  the	  evidence	  suggesting	  that	  racial/ethnic	  discrimination	  may	  influence	  birth	  
weight	  disparities68,	  70,	  83,	  84,	  and	  considering	  the	  heterogeneity	  of	  admixtures	  and	  of	  SGA	  risk	  
across	  the	  Hispanic	  population,	  the	  manner	  in	  which	  race	  was	  coded	  should	  be	  considered	  a	  
major	  limitation	  of	  this	  analysis.	  	  The	  race	  and	  ancestry	  responses	  provided	  by	  women	  were	  
ascribed	  to	  categories	  established	  by	  the	  NYCDOHMH	  using	  NCHS	  criteria	  38.	  	  For	  example,	  if	  a	  
woman	  failed	  to	  specify	  her	  race	  but	  stipulated	  “Dominican”	  as	  her	  ancestry,	  she	  was	  
automatically	  assigned	  “black”	  race	  by	  NYCDOHMH.	  	  In	  turn,	  if	  the	  woman	  identified	  her	  
ancestry	  as	  “Puerto	  Rican”,	  she	  was	  assigned	  “white”	  race.	  	  As	  such,	  the	  measurement	  of	  
maternal	  race	  in	  the	  NYCDOHMH	  dataset	  is	  highly	  subject	  to	  error,	  with	  great	  potential	  for	  poor	  
agreement	  between	  self-­‐perceived	  race	  and	  the	  classification	  used	  by	  the	  NYCDOHMH,	  and	  
therefore	  this	  study	  could	  not	  with	  any	  confidence	  support	  closer	  examination	  of	  the	  role	  of	  
race	  among	  Hispanics.	  	  While	  data	  on	  discrimination	  is	  not	  routinely	  collected	  as	  part	  of	  vital	  
records,	  the	  dearth	  of	  this	  or	  any	  measure	  that	  specifically	  address	  differences	  in	  social	  
experiences	  across	  race/ethnic	  groups	  precludes	  using	  vital	  records	  to	  explore	  within	  Hispanic	  
populations	  the	  relationship	  between	  discrimination	  and	  poor	  birth	  outcomes	  which	  has	  been	  
well-­‐documented	  among	  African-­‐Americans75,	  85.	  
	  
Despite	  limitations,	  this	  research	  offers	  contributions	  which	  advance	  knowledge	  about	  the	  
Hispanic	  birthweight	  paradox.	  	  One	  important	  aspect	  of	  this	  study	  is	  the	  disaggregation	  of	  the	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Hispanic	  sample	  into	  subgroups	  based	  on	  country	  of	  origin.	  	  Although	  this	  approach	  has	  been	  
utilized	  in	  past	  research	  to	  varying	  degrees	  22,	  24,	  26-­‐30,	  this	  study	  is	  the	  first	  to	  include	  
Dominicans,	  evaluate	  Central	  Americans	  and	  South	  Americans	  separately,	  and	  assess	  whether	  
the	  association	  between	  race/ethnicity	  and	  SGA	  is	  modified	  by	  maternal	  nativity	  status.	  	  
Another	  novel	  feature	  of	  this	  study	  is	  the	  control	  of	  contextual	  variability	  in	  SGA,	  which	  has	  not	  
been	  examined	  in	  prior	  research	  focusing	  on	  this	  population	  28-­‐30.	  	  While	  neighborhood	  of	  
residence	  per	  se	  did	  not	  exert	  major	  influence,	  the	  use	  of	  mixed	  models	  generated	  odds	  ratio	  
estimates	  accounting	  for	  variability	  across	  New	  York	  for	  more	  numerous	  and	  dispersed	  groups	  
such	  as	  blacks,	  Puerto	  Ricans	  and	  Dominicans.	  	  An	  additional	  strength	  of	  this	  research	  is	  the	  use	  
of	  NYCDOHMH	  birth	  records	  comprising	  all	  births	  occurring	  in	  NYC	  during	  the	  stated	  five-­‐year	  
period.	  	  The	  large	  number	  of	  records	  (N=460,881)	  provided	  ample	  statistical	  power	  for	  
conducting	  subgroup	  analyses.	  	  Furthermore,	  given	  that	  the	  race/ethnic	  composition	  of	  the	  
study	  data	  is	  highly	  representative	  of	  the	  current	  NYC	  population,	  the	  findings	  have	  valuable	  
infant	  health	  policy	  implications	  for	  a	  large	  proportion	  of	  NYC	  residents.	  	  	  	  
	  
Conclusion	  
This	  study	  found	  statistically	  significant	  variation	  in	  SGA	  risk	  by	  race/ethnicity.	  	  The	  odds	  of	  
bearing	  an	  SGA	  infant	  were	  greater	  among	  black	  and	  Puerto	  Rican	  women,	  similar	  among	  
Dominican,	  Central	  American	  and	  Cuban	  women,	  and	  lower	  among	  Mexican	  and	  South	  
American	  women,	  as	  compared	  to	  white	  women.	  	  Foreign	  birth	  attenuated	  risk	  for	  black	  
women	  and	  most	  Hispanic	  subgroups,	  yet	  increased	  risk	  for	  Puerto	  Rican	  women	  and	  exerted	  
no	  effect	  on	  the	  risk	  of	  South	  American	  women.	  	  While	  the	  contribution	  of	  neighborhood	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context	  was	  found	  to	  be	  minimal,	  maternal	  race/ethnicity	  was	  identified	  as	  the	  single	  most	  
important	  determinant	  of	  SGA	  risk.	  	  These	  findings	  underscore	  the	  heterogeneity	  of	  SGA	  odds	  
among	  Hispanics	  and	  provide	  a	  foundation	  for	  further	  exploration	  of	  individual-­‐	  and	  
neighborhood-­‐level	  determinants	  of	  risk.	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Table	  3.1.	  Individual	  and	  neighborhood	  characteristics	  of	  mothers	  and	  infants	  according	  to	  race/ethnicity,	  New	  York	  City:	  2003-­‐
2007.a	  	  
a	  All	  chi-­‐square	  or	  t-­‐tests	  were	  significant	  at	  the	  P	  <	  0.0001	  level	  unless	  otherwise	  noted.	  
*	  Neighborhood	  socioeconomic	  (SE)	  score	  defined	  as	  a	  z-­‐score	  using	  the	  mean	  and	  standard	  deviation	  of	  the	  total	  population	  (i.e.	  values	  are	  one	  standard	  deviation	  above	  or	  
below	  the	  grand	  mean).	  




American	   Cuban	  
Other	  
Hispanic	   Black	   White	   Total	  
Study	  participants,	  n	  (%)	   46128	  (10.0)	   46431	  (10.1)	   38316	  (8.3)	   27643	  (6.0)	   12878	  (2.8)	   1079	  (0.2)	   11888	  (2.6)	   130860	  (28.4)	   145658	  (31.6)	   460881	  
Maternal	  characteristics	  
Age,	  in	  years	  -­‐	  mean(SD)	   25.9	  (6.2)	   27.0	  (6.1)	   25.9	  (5.6)	   28.5	  (6.2)	   27.5	  (6.1)	   28.9	  (6.5)	   26.2	  (6.3)	   27.8	  (6.5)	   30.4	  (5.7)	   28.2	  (6.3)	  
Foreign-­‐born	  (%)	   17.8	   77.4	   95.5	   87.4	   86.5	   21.5	   40.8	   46.1	   33.0	   49.8	  
Education	  (%)	   	  
<12	  years	   37.3	   25.8	   63.1	   29.3	   39.6	   15.2	   35.7	   22.1	   6.3	   23.7	  
=12	  years	   29.3	   35.8	   30.4	   33.7	   33.2	   21.0	   34.8	   35.3	   27.8	   31.8	  
13-­‐15	  years	   23.9	   25.0	   3.8	   20.0	   17.3	   26.9	   18.0	   26.1	   16.1	   19.9	  
16+	  years	   9.5	   13.3	   2.7	   16.9	   9.8	   36.9	   11.5	   16.4	   49.8	   24.6	  
Married	  (%)	   25.6	   33.1	   26.7	   47.1	   35.0	   52.4	   33.3	   31.2	   87.7	   49.5	  
Public	  assistance	  (%	  yes)	   58.6	   72.0	   82.4	   60.7	   72.0	   32.6	   70.2	   64.1	   22.2	   52.7	  
Health	  insurance	  (%	  yes)	   98.1	   98.3	   98.0	   98.5	   98.0	   98.2	   99.0	   97.9	   97.6	   97.9	  
	   	   	   	   	   	   	   	   	   	   	  
Pregnancy/infant	  characteristics	  
Maternal	  weight	  gain,	  in	  
pounds	  -­‐	  mean(SD)	   32.2	  (14.3)	   32.8	  (13.2)	   26.4	  (11.3)	   29.6	  (11.9)	   29.6	  (12.8)	   33.7	  (13.8)	   30.9	  (13.3)	   30.6	  (14.0)	   31.4	  (11.5)	   30.8	  (12.9)	  
Substance	  use	  in	  pregnancy	  (%)	   	   	   	   	   	   	   	   	   	  
Alcohol	  (yes)	   0.2	   0.1	   0.0	   0.1	   0.1	   0.1	   0.1	   0.3	   0.2	   0.2	  
Tobacco	  (yes)	   4.1	   0.8	   0.1	   0.3	   0.4	   2.1	   2.2	   3.0	   1.4	   1.9	  
Gestational	  age,	  in	  
weeks	  -­‐	  mean(SD)	   38.6	  (2.2)	   38.8	  (2.0)	   39.0	  (1.8)	  	   38.9	  (1.8)	   38.7	  (2.0)	   38.7	  (2.1)	   38.7	  (2.0)	   38.5	  (2.3)	   39.0	  (1.6)	   38.8	  (2.0)	  
First-­‐born	  infant	  (%)	   43.4	   42.8	   37.4	   44.2	   40.9	   54.7	   44.0	   43.7	   49.0	   44.7	  
	   	   	   	   	   	   	   	   	   	   	  
Neighborhood	  characteristics	  
Mean	  no.	  participants	  per	  
neighborhood	   1098	   1105	   912	   658	   307	   26	   283	   3116	   3468	   10973	  
Mean	  neighborhood	  SE	  
score	  (SD)*	  
-­‐2.8	  (0.02)	   -­‐3.9	  (0.02)	   -­‐2.0	  (0.02)	   -­‐0.5	  (0.03)	   -­‐2.1(0.04)	   1.1	  (0.21)	   -­‐1.32	  (0.05)	   -­‐2.2	  (4.2)	   3.9	  (6.0)	   -­‐0.4	  (5.8)	  




Table	  3.2.	  Incidence	  proportion	  of	  small	  for	  gestational	  age	  (SGA)	  by	  selected	  individual	  and	  neighborhood	  characteristics	  
according	  to	  race/ethnicity,	  New	  York	  City:	  2003-­‐2007.	  a	  	  
	   SGA	  




Cuban	   Other	  
Hispanic	  
Black	   White	   Total	  
Overall	  (total	  n)	  *	   14.0	  (46113)	   11.4	  (46423)	   10.3	  (38303)	   8.6	  (27635)	   11.4	  (12872)	   9.4	  (1079)	   11.9	  (11880)	   16.0	  (130777)	   9.5	  (145601)	   12.1	  (460683)	  
Maternal	  age	  	   	   	   	   	   	   	   	   	   	   	  
15-­‐28	  years	   14.7	  (31167)	   12.2	  (28297)	   11.0	  (26483)	   9.4	  (14170)	   12.2	  (7489)c	   11.6	  (482)b	   12.8	  (7800)	   17.3	  (72467)	   11.0	  (52939)	   13.5	  (241294)	  
29-­‐45	  years	   12.6	  (14946)	   10.2	  (18126)	   8.7	  (11820)	   7.9	  (13465)	   10.3	  (5383)	   7.7	  (597)	   10.2	  (4080)	   14.4	  (58310)	   8.7	  (92662)	   10.6	  (219389)	  
Nativity	   	   	   	   	   	   	   	   	   	   	  
U.S.-­‐born	   14.1	  (37917)	  c	   12.7	  (10489)	   13.4	  (1709)	   9.2	  (3488)c	   13.1	  (1734)c	   10.7	  (847)b	   13.1	  (7031)	   17.5	  (70496)	   9.5	  (97533)c	   13.0	  (231244)	  
Foreign-­‐born	   13.6	  (8196)	   11.0	  (35934)	   10.2	  (36594)	   8.5	  (24147)	   11.1	  (11138)	   4.7	  (232)	   10.3	  (4849)	   14.2	  (60281)	   9.6	  (48068)	   11.2	  (229439)	  
Education	   	   	   	   	   	   	   	   	   	   	  
<12	  years	   16.1	  (17189)	   12.3	  (11988)b	   10.6	  (24170)c	   9.0	  (8098)c	   11.6	  (5104)c	   17.1	  (164)b	   14.2	  (4242)	   19.3	  (28931)	   11.5	  (9203)	   14.1	  (109089)	  
=12	  years	   13.7	  (13499)	   11.0	  (16642)	   9.7	  (11642)	   8.3	  (9326)	   11.7	  (4277)	   9.7	  (227)	   10.9	  (4134)	   16.1	  (46207)	   10.0	  (40461)	   12.3	  (146415)	  
13-­‐15	  years	   12.3	  (11020)	   11.3	  (11629)	   10.6	  (1451)	   8.7	  (5535)	   10.9	  (2229)	   8.3	  (290)	   11.3	  (2142)	   14.8	  (34173)	   9.2	  (23438)	   12.0	  (91907)	  
16+	  years	   11.1	  (4405)	   10.9	  (6164)	   10.2	  (1040)	   8.6	  (4676)	   10.5	  (1262)	   7.0	  (398)	   8.9	  (1362)	   13.2	  (21466)	   9.1	  (72499)	   10.0	  (113272)	  
Marital	  status	   	   	   	   	   	   	   	   	   	   	  
Not	  married	   15.0	  (34298)	   11.9	  (31060)	   10.6	  (28088)b	   8.9	  (14606)c	   12.1	  (8369)b	   12.3	  (514)b	   13.2	  (7922)	   17.1	  (89944)	   11.4	  (17864)	   14.0	  (232665)	  
Married	   11.1	  (11815)	   10.4	  (15363)	   9.4	  (10215)	   8.3	  (13029)	   10.2	  (4503)	   6.9	  (565)	   9.4	  (3958)	   13.6	  (40833)	   9.3	  (127737)	   10.2	  (228018)	  
Public	  assistance	   	   	   	   	   	   	   	   	   	   	  
No	   13.0	  (19078)	   11.8	  (12975)c	   11.0	  (6750)c	   9.0	  (10869)c	   10.4	  (3602)c	   8.5	  (727)c	   10.7	  (3536)b	   15.1	  (46955)	   9.2	  (113280)	   11.0	  (217772)	  
Yes	   14.8	  (27035)	   11.3	  (33448)	   10.2	  (31553)	   8.4	  (16766)	   11.8	  (9270)	   11.4	  (352)	   12.4	  (8344)	   16.4	  (83822)	   10.7	  (32321)	   13.1	  (242911)	  
Alcohol	  use	  in	  pregnancy	   	   	   	   	   	   	   	   	   	  
No	   14.0	  (46028)c	   11.4	  (46378)c	   10.3	  (38287)c	   8.6	  (27613)c	   11.4	  (12856)c	   9.5	  (1078)	  c	   11.9	  (11862)c	   15.9	  (130374)	   9.5	  (145281)c	   12.1	  (459757)	  
Yes	   21.8	  (78)	   17.1	  (41)	   0.0	  (12)	   16.7	  (18)	   16.7	  (12)	   0.0	  (1)	   25.0	  (16)	   26.1	  (353)	   9.0	  (301)	   18.3	  (832)	  
Tobacco	  use	  in	  pregnancy	   	   	   	   	   	   	   	   	   	  
No	  	   13.7	  (44191)	   11.4	  (46029)	   10.3	  (38257)c	   8.6	  (27546)c	   11.4	  (12811)c	   9.1	  (1056)b	   11.7	  (11619)	   15.6	  (126800)	   9.4	  (143593)	   11.9	  (451902)	  
Yes	   21.2	  (1915)	   17.7	  (390)	   9.5	  (42)	   7.1	  (85)	   17.5	  (57)	   26.1	  (23)	   21.6	  (259)	   26.6	  (3927)	   16.2	  (1989)	   22.1	  (8687)	  
Maternal	  parity	   	   	   	   	   	   	   	   	   	   	  
Primiparous	   16.3	  (20008)	   14.5	  (19891)	   13.5	  (14333)	   11.0	  (12204)	   14.7	  (5265)	   10.2	  (590)c	   14.0	  (5225)	   18.5	  (57181)	   11.4	  (71364)	   14.4	  (206061)	  
Multiparous	   12.2	  (24394)	   9.1	  (24715)	   8.4	  (22878)	   6.7	  (14114)	   9.1	  (7129)	   8.4	  (438)	   10.2	  (6332)	   13.9	  (67414)	   7.6	  (66986)	   10.2	  (234400)	  





	   SGA	  




Cuban	   Other	  
Hispanic	  
Black	   White	   Total	  
Neighborhood	  SE	  score	   	   	   	   	   	   	   	   	   	  
Quintile	  1	  (lowest)	   15.0	  (21903)	   11.4	  (30144)c	   10.8	  (12699)c	   8.7	  (5073)	  c	   12.7	  (4184)	   10.6	  (312)c	   13.2	  (3688)	  b	   17.0	  (36878)	   9.9	  (7078)	   13.6	  (121959)	  
Quintile	  2	   14.2	  (9495)	   12.1	  (7683)	   9.7	  (13365)	   8.6	  (11429)	   11.7	  (2916)	   9.6	  (187)	   12.3	  (3614)	   15.4	  (45936)	   9.9	  (21812)	   12.5	  (116437)	  
Quintile	  3	   12.9	  (5484)	   11.2	  (3425)	   10.2	  (6013)	   9.1	  (5015)	   11.5	  (3320)	   15.2	  (138)	   11.3	  (1577)	   16.5	  (24763)	   10.0	  (30748)	   12.3	  (80483)	  
Quintile	  4	   11.6	  (3819)	   10.6	  (1513)	   10.8	  (3798)	   8.1	  (2666)	   10.3	  (1228)	   3.9	  (101)	   10.2	  (1298)	   14.4	  (16582)	   9.4	  (27734)	   11.0	  (58739)	  
Quintile	  5	  (highest)	   12.7	  (5412)	   10.8	  (3658)	   10.6	  (2428)	   8.6	  (3452)	   6.9	  (1224)	   7.6	  (341)	   10.2(1703)	   16.1	  (6618)	   9.1	  (58229)	   10.0	  (83065)	  
	   	   	   	   	   	   	   	   	   	   	  
a	  All	  chi-­‐square	  or	  t-­‐tests	  were	  significant	  at	  the	  P	  <	  0.0001	  level	  unless	  otherwise	  noted.	  	  	  
*	  The	  n	  is	  the	  total	  population	  used	  as	  the	  denominator	  when	  calculating	  the	  incidence	  for	  each	  cell.	  	  
b	  Significant	  at	  P	  <	  0.01.	  	  	  




Table	  3.3.	  Measures	  of	  association	  according	  to	  race/ethnicity	  and	  measures	  of	  variation	  and	  clustering	  of	  small	  for	  gestational	  
age	  (SGA).	  	  New	  York	  City:	  2003-­‐2007.	  	  	  
	  
	   SGA	  
	   Empty	  model	   Crude	  model	   Model	  1	   Model	  2	   Model	  3	  
Individual-­‐level	  estimates	  (OR,	  95%CI)	  
White	   1.00	  
Black	   	   1.73	  (1.68,1.78)	   1.50	  (1.46,1.55)	   1.52	  (1.47,1.57)	   1.52	  (1.47,1.57)	  
Puerto	  Rican	   	   1.43	  (1.38,1.48)	   1.19	  (1.15,1.24)	   1.18	  (1.13,1.22)	   1.17	  (1.13,1.22)	  
Dominican	   	   1.13	  (1.09,1.18)	   0.98	  (0.94,1.02)	   1.03	  (0.99,1.07)	   1.03	  (0.99,1.07)	  
Mexican	   	   1.06	  (1.02,1.10)	   0.85	  (0.81,0.88)	   0.91	  (0.87,0.95)	   0.91	  (0.87,0.95)	  
South	  American	   	   0.90	  (0.86,0.95)	   0.80	  (0.76,0.84)	   0.85	  (0.81,0.89)	   0.85	  (0.80,0.89)	  
Central	  American	   	   1.17	  (1.10,1.24)	   0.99	  (0.94,1.06)	   1.06	  (0.99,1.12)	   1.06	  (0.99,1.12)	  
Cuban	   	   0.96	  (0.78,1.18)	   0.88	  (0.72,1.09)	   0.87	  (0.71,1.07)	   0.87	  (0.71,1.07)	  
	   	   	   	   	   	  
Measures	  of	  variation	  or	  clustering	  
Neighborhood-­‐level	  variance	  
(SE)	   0.04555	  (0.010)	   0.01249	  (0.003)	   0.01067	  (0.003)	   0.01094	  (0.003)	   0.01043	  (0.002)	  
P-­‐value	   <0.0001	   <0.0001	   0.0004	   0.0003	   <0.0001	  
ICC	   0.01365	   0.003782	   0.003233	   0.003314	   0.003160	  
Proportional	  change	  in	  variance	  	   	   -­‐	  72.5	   -­‐	  14.6	   2.5	   -­‐	  4.7	  
MOR	   1.22	   1.11	   1.10	   1.10	   1.10	  
	  
*	  Crude	  association	  is	  between	  race/ethnicity	  and	  SGA	  and	  race/ethnicity;	  ORs	  are	  adjusted	  for	  maternal	  age,	  maternal	  educational	  attainment,	  and	  marital	  status	  (Model	  1);	  




Table	  3.4.	  Odds	  Ratios	  (OR)	  *	  and	  measures	  of	  variation	  and	  clustering	  of	  small	  for	  gestational	  age	  (SGA)	  according	  to	  
race/ethnicity,	  by	  maternal	  nativity	  status.	  	  New	  York	  City:	  2003-­‐2007.	  	  	  
	   U.S.-­‐born	   Foreign-­‐born	  
	   SGA	  
Individual-­‐level	  estimates	  (OR,	  
95%CI)	   	   	  
White	   1.00	   1.00	  
Black	  	   1.51	  (1.44,1.57)	   1.46	  (1.39,1.53)	  
Puerto	  Rican	   1.13	  (1.08,1.18)	   1.27	  (1.17,1.37)	  
Dominican	   1.04	  (0.97,1.12)	   1.02	  (0.97,1.08)	  
Mexican	   1.11	  (0.96,1.29)	   0.92	  (0.87,0.97)	  
South	  American	   0.84	  (0.74,0.95)	   0.84	  (0.79,0.89)	  
Central	  American	   1.13	  (0.97,1.30)	   1.05	  (0.97,1.13)	  
Cuban	   0.97	  (0.78,1.21)	   0.46	  (0.25,0.85)	  
Measures	  of	  variation	  or	  clustering	   	   	  
Neighborhood-­‐level	  variance	  (SE)	   0.013	  (0.003)	   0.009	  (0.003)	  
P-­‐value	   <0.0001	   0.0027	  
ICC	   0.004	   0.003	  
MOR	   1.11	   1.10	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Abstract	  
	  
Aim:	  To	  investigate	  whether	  the	  association	  of	  race/ethnicity	  and	  nativity	  with	  small	  for	  
gestational	  age	  (SGA)	  varied	  by	  level	  of	  maternal	  educational	  attainment	  and	  by	  neighborhood	  
proportion	  of	  Hispanic	  population	  (NPHP)	  among	  singleton	  infants	  born	  to	  women	  residing	  in	  
NYC	  aged	  20	  years	  and	  older,	  controlling	  for	  individual-­‐	  and	  neighborhood-­‐level	  characteristics	  
	  
Methods:	  	  The	  study	  involved	  birth	  records	  for	  years	  2003	  through	  2007	  collected	  by	  the	  Office	  
of	  Vital	  Statistics	  of	  the	  New	  York	  City	  Department	  of	  Health	  and	  Mental	  Hygiene	  (N=460,881).	  	  
Multilevel	  logistic	  models	  with	  random	  effects	  were	  used	  to	  estimate	  odds	  ratios	  for	  the	  
association	  between	  race/ethnicity-­‐nativity	  and	  SGA,	  while	  accounting	  for	  the	  correlation	  
between	  observations	  within	  the	  same	  neighborhood.	  Race/ethnicity	  of	  women	  was	  specified	  
as	  non-­‐Hispanic	  black,	  and	  non-­‐Hispanic	  white,	  Puerto	  Rican,	  Cuban,	  Dominican,	  Mexican,	  
Central	  American,	  and	  South	  American.	  	  Heterogeneity	  by	  maternal	  educational	  attainment	  and	  
NPHP	  was	  examined.	  	  All	  data	  analyses	  were	  conducted	  using	  SAS.	  
	  
Results:	  The	  association	  of	  race/ethnicity-­‐nativity	  with	  bearing	  an	  SGA	  infant	  varied	  by	  maternal	  
education	  and	  by	  NPHP	  (p<0.0001)	  among	  women	  residing	  in	  NYC.	  	  The	  odds	  of	  bearing	  an	  SGA	  
infant	  for	  U.S.-­‐born	  black	  women	  relative	  to	  U.S.-­‐born	  (USB)	  white	  women	  became	  attenuated	  
with	  higher	  levels	  of	  education,	  but	  varied	  little	  among	  their	  foreign-­‐born	  (FB)	  counterparts.	  
USB	  Puerto	  Rican	  women	  followed	  the	  same	  pattern	  as	  black	  women,	  except	  for	  an	  increase	  in	  
odds	  for	  those	  with	  at	  least	  a	  college	  degree.	  	  As	  compared	  to	  USB	  whites,	  increased	  odds	  were	  
observed	  among	  FB	  Dominicans	  with	  at	  least	  a	  college	  education	  (OR:1.19;95%CI:1.07,1.33)	  and	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USB	  Mexicans	  that	  did	  not	  complete	  high	  school	  (OR:1.27;95%CI:1.02,1.58).	  	  Foreign	  nativity	  
conferred	  protection	  against	  SGA	  risk	  among	  Mexicans	  not	  having	  completed	  high	  school	  or	  
with	  a	  high	  school	  degree	  (OR:0.82;95%CI:0.74,0.90	  and	  OR:0.84;95%CI:0.77,0.91,	  respectively)	  
and	  among	  FB	  South	  Americans	  in	  the	  three	  lowest	  educational	  categories	  
(OR:0.72;95%CI:0.64,0.82,	  OR:0.74;95%CI:0.67,0.81	  and	  OR:0.83;95%CI:0.73,0.94),	  as	  
compared	  to	  USB	  whites.	  
	  
The	  odds	  of	  an	  SGA	  infant	  among	  black	  women,	  independent	  of	  nativity	  status,	  as	  well	  as	  those	  
of	  USB	  Puerto	  Rican	  women	  increased	  with	  rising	  NPHP.	  	  However,	  other	  groups	  exhibited	  SGA	  
odds	  that	  were	  significantly	  greater	  than	  those	  of	  USB	  whites	  only	  at	  the	  highest	  quartile	  of	  
NPHP:	  FB	  Puerto	  Rican	  as	  well	  as	  USB	  Dominican,	  Mexican,	  and	  Central	  American	  women	  
(OR:1.30;95%CI:1.15,1.47,	  OR:1.20;95%CI:1.07,1.34	  OR:1.31;95%CI:1.05,1.63,	  and	  
OR:1.46;95%CI:1.13,1.88,	  respectively).	  	  In	  contrast,	  the	  odds	  for	  FB	  Mexicans	  and	  both	  U.S.-­‐	  
and	  foreign-­‐born	  South	  Americans	  in	  the	  upper	  quartiles	  were	  statistically	  significantly	  lower	  
compared	  to	  USB	  whites	  respectively.	  	  	  
	  
Conclusion:	  This	  research	  found	  that	  effect	  measure	  modification	  by	  education	  was	  present	  
among	  several	  subgroups,	  but	  the	  influence	  varied	  by	  subgroup.	  	  In	  addition,	  the	  relationship	  
between	  race/ethnicity-­‐nativity	  and	  SGA	  risk	  varied	  by	  NPHP	  across	  certain	  subgroups,	  
exhibiting	  a	  positive	  relationship	  in	  some	  and	  an	  inverse	  association	  in	  others.	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Introduction	  
Several	  studies	  have	  focused	  on	  maternal	  race/ethnicity1-­‐15	  and	  on	  nativity	  status9,12,16,17	  to	  
explore	  the	  variation	  of	  low	  birthweight	  (LBW,	  <2500	  g.)	  and	  of	  small-­‐for-­‐gestational-­‐age	  (SGA)	  
risk	  across	  different	  population	  groups	  in	  the	  United	  States.	  	  Hispanics	  exhibit	  the	  lowest	  
incidence	  of	  LBW	  infants	  (6.9)	  as	  compared	  to	  non-­‐Hispanic	  whites	  (7.1)1,	  and	  in	  addition,	  lower	  
risk	  of	  bearing	  an	  LBW	  infant	  has	  been	  observed	  among	  foreign-­‐born	  women	  of	  most	  Hispanic	  
subgroups12,16,17.	  However,	  research	  on	  markers	  of	  socioeconomic	  position	  (SEP)	  such	  as	  
maternal	  educational	  attainment17	  ,	  and	  on	  contextual	  factors	  such	  as	  neighborhood	  
composition18-­‐20,	  have	  drawn	  further	  attention	  to	  the	  variation	  of	  risk	  for	  birth	  outcomes	  
among	  Hispanic	  mothers.	  	  
	  
Maternal	  education	  is	  associated	  with	  favorable	  infant	  health21	  and	  has	  been	  found	  to	  protect	  
against	  adverse	  birth	  outcomes22.	  	  Education	  has	  also	  been	  found	  to	  modify	  the	  effects	  of	  
nativity	  on	  birth	  outcomes.	  	  For	  example,	  analyses	  by	  Acevedo-­‐Garcia	  et	  al.	  of	  a	  national	  sample	  
stratified	  by	  Hispanic	  subgroup	  noted	  that	  the	  protective	  effect	  of	  foreign	  birth	  against	  LBW	  
among	  Mexicans	  and	  Central/South	  Americans	  was	  strongest	  among	  the	  least	  educated	  women	  
(0-­‐11	  years)	  as	  compared	  to	  the	  most	  educated	  women	  (16+	  years)17.	  In	  their	  study	  of	  birth	  
outcomes,	  Kaufman	  et	  al.	  also	  found	  that	  among	  Central	  Americans,	  South	  Americans,	  
Dominicans	  and	  Mexicans	  the	  protective	  effect	  of	  foreign	  birth	  declined	  with	  increased	  levels	  of	  
maternal	  education	  23.	  	  These	  studies	  suggest	  that	  the	  health	  advantage	  conferred	  by	  greater	  
maternal	  education	  may	  apply	  disproportionately	  to	  U.S.-­‐born	  Hispanic	  women,	  while	  among	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foreign-­‐born	  women	  greater	  education	  may	  be	  relatively	  less	  impactful	  on	  their	  risk	  of	  adverse	  
birth	  outcomes.	  	  
	  
Contextual	  factors	  such	  as	  neighborhood	  composition	  have	  also	  been	  considered	  when	  
investigating	  variation	  of	  risk	  in	  measures	  of	  birthweight	  and	  infant	  size.	  	  While	  a	  number	  of	  
studies	  have	  examined	  the	  relationship	  between	  neighborhood	  race/ethnic	  composition	  and	  
birth	  outcomes18-­‐20,24-­‐29,	  most	  of	  this	  research	  has	  focused	  on	  white	  and	  African	  American	  
populations	  only18-­‐20,24-­‐33.	  	  Studies	  examining	  Hispanics	  have	  considered	  different	  measures	  of	  
neighborhood	  composition	  18-­‐20.	  	  Walton	  found	  that	  residential	  segregation,	  defined	  as	  
exposure	  of	  Hispanics	  to	  other	  Hispanics	  measured	  with	  isolation	  and	  clustering	  indices,	  had	  no	  
significant	  effect	  on	  the	  risk	  for	  preterm	  birth	  among	  Hispanics	  in	  a	  national	  sample18.	  	  Similarly,	  
Mason	  et	  al.	  observed	  that	  greater	  Hispanic	  ethnic	  density	  in	  New	  York	  City	  neighborhoods	  
exerted	  only	  a	  slightly	  protective	  or	  null	  effect	  on	  preterm	  birth	  risk	  among	  certain	  Hispanic	  
subgroups19.	  	  Examining	  birthweight	  in	  a	  U.S.	  national	  urban	  sample	  of	  women	  with	  Mexican	  
ancestry,	  Osypuk	  et	  al.	  defined	  residential	  segregation	  as	  exposure	  to	  neighborhoods	  with	  a	  
high	  proportion	  of	  inhabitants	  with	  Mexican	  ancestry,	  by	  nativity	  status	  20.	  	  Infants	  of	  U.S.-­‐born	  
mothers	  in	  the	  quartile	  exposed	  to	  neighborhoods	  predominantly	  composed	  of	  U.S.-­‐born	  
Mexican	  residents	  exhibited	  lower	  mean	  birthweight	  than	  their	  counterparts	  in	  the	  quartile	  
exposed	  to	  neighborhoods	  with	  the	  least	  proportion	  of	  U.S.-­‐born	  Mexican	  residents	  20.	  	  
Moreover,	  recent	  findings	  have	  suggested	  that	  high-­‐density	  Hispanic	  neighborhoods	  may	  also	  
reduce	  the	  risk	  of	  adverse	  birth	  outcomes	  among	  infants	  born	  to	  black	  and	  white	  mothers	  34.	  	  
These	  research	  findings,	  while	  inconsistent,	  have	  begun	  to	  underscore	  the	  importance	  of	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neighborhood	  composition,	  suggesting	  that	  high	  density	  Hispanic	  neighborhoods	  may	  be	  
beneficial	  to	  the	  health	  of	  mothers	  and	  their	  infants.	  
	  
Despite	  some	  studies	  on	  the	  role	  of	  maternal	  education17,21,23	  and	  neighborhood	  composition18-­‐
20	  with	  Hispanic	  populations,	  there	  is	  no	  research	  on	  birthweight	  or	  other	  measures	  of	  infant	  
size	  examining	  both	  of	  these	  characteristics	  in	  a	  racially/ethnically	  diverse	  sample.	  	  Thus,	  the	  
aim	  of	  this	  study	  was	  to	  examine	  whether	  the	  association	  of	  race/ethnicity	  and	  nativity	  with	  
SGA	  varied	  by	  level	  of	  maternal	  educational	  attainment	  and	  by	  neighborhood	  proportion	  of	  
Hispanic	  population	  (NPHP)	  among	  singleton	  infants	  born	  to	  women	  residing	  in	  NYC,	  controlling	  
for	  individual-­‐	  and	  neighborhood-­‐level	  characteristics.	  	  For	  the	  purpose	  of	  examining	  
heterogeneity	  of	  SGA	  risk,	  race/ethnicity	  of	  women	  in	  the	  sample	  was	  specified	  as	  non-­‐Hispanic	  
black,	  and	  non-­‐Hispanic	  white,	  Puerto	  Rican,	  Cuban,	  Dominican,	  Mexican,	  Central	  American,	  
and	  South	  American.	  	  
	  
Methods	  
This	  study	  analyzed	  birth	  records	  collected	  by	  the	  Bureau	  of	  Vital	  Statistics	  of	  the	  New	  York	  City	  
Department	  of	  Health	  and	  Mental	  Hygiene	  (NYCDOHMH)	  from	  2003-­‐2007	  (N=625,636)	  as	  well	  
as	  2000	  U.S.	  Census	  data.	  	  	  Information	  on	  mothers	  and	  infants	  was	  derived	  from	  the	  
Certificates	  of	  Birth	  and	  the	  Confidential	  Medical	  Report	  with	  the	  Office	  of	  Vital	  Statistics35.	  	  The	  
neighborhood-­‐level	  Census	  information	  was	  linked	  with	  NYCDOHMH	  birth	  records	  at	  the	  UHF	  
neighborhood	  level.	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SGA	  was	  the	  outcome	  of	  interest	  for	  this	  analysis,	  calculated	  by	  identifying	  infants	  below	  the	  
10th	  percentile	  for	  birthweight	  (measured	  in	  grams)	  at	  each	  week	  of	  gestational	  age	  and	  by	  sex,	  
using	  a	  U.S.	  national	  reference36.	  	  SGA	  was	  defined	  as	  a	  dichotomous	  variable	  (<10th	  percentile	  
versus	  ≥10th	  percentile).	  	  	  
	  
The	  main	  exposure	  of	  interest	  was	  the	  joint	  effect	  of	  race/ethnicity	  and	  nativity.	  	  The	  details	  of	  
how	  race	  and	  ancestry	  data	  was	  ascertained	  and	  coded	  by	  the	  NYCDOHMH37	  have	  been	  
explained	  in	  Chapter	  1.	  	  Briefly,	  individuals	  provided	  write-­‐in	  responses	  to	  specify	  race	  as	  well	  
as	  ancestry.	  	  Responses	  were	  then	  coded	  by	  the	  Bureau	  of	  Vital	  Records	  using	  categories	  
established	  by	  the	  National	  Center	  for	  Health	  Statistics	  (NCHS)37.	  	  
	  
Based	  on	  individuals’	  responses	  recorded	  by	  NYCDOHMH,	  maternal	  race/ethnicity	  in	  this	  study	  
was	  defined	  in	  nine	  categories	  as	  follows:	  non-­‐Hispanic	  black,	  non-­‐Hispanic	  white,	  and	  with	  
Hispanics	  disaggregated	  into	  ancestry	  subcategories	  -­‐	  Puerto	  Rican,	  Mexican,	  Cuban,	  
Dominican,	  South	  American,	  Central	  American	  and	  Other	  Hispanic.	  Women	  were	  classified	  as	  
foreign-­‐born	  (FB)	  if	  born	  outside	  the	  continental	  United	  States,	  Hawaii	  or	  Alaska,	  and	  U.S.-­‐born	  
(USB)	  otherwise.	  	  Women	  born	  on	  the	  island	  of	  Puerto	  Rico	  were	  classified	  as	  foreign-­‐born	  in	  
this	  study,	  for	  consistency	  with	  past	  birthweight	  studies5,9,11,17.	  	  Within	  each	  race/ethnic	  group,	  
women	  were	  further	  classified	  by	  nativity	  status,	  creating	  a	  variable	  with	  eighteen	  categories	  
which	  reflected	  both	  race/ethnicity	  and	  place	  of	  birth	  (e.g.	  U.S.-­‐born	  non-­‐Hispanic	  white,	  
foreign-­‐born	  non-­‐Hispanic	  white,	  U.S.-­‐born	  non-­‐Hispanic	  black,	  foreign-­‐born	  non-­‐	  Hispanic	  
black).	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Variables	  used	  in	  the	  analysis	  were	  derived	  from	  data	  recorded	  on	  the	  Certificates	  of	  Birth	  and	  
the	  Confidential	  Medical	  Report	  filed	  with	  the	  Office	  of	  Vital	  Statistics35	  and	  were	  used	  in	  the	  
format	  that	  they	  were	  originally	  collected	  unless	  otherwise	  specified.	  	  Covariates	  included	  
maternal	  characteristics	  as	  well	  as	  variables	  representing	  mothers’	  socioeconomic	  position	  
considered	  in	  previous	  studies9,13,15-­‐20,26,29,32,38-­‐40.	  	  Maternal	  age	  was	  recorded	  continuously,	  in	  
years,	  by	  the	  NYCDOHMH.	  	  For	  the	  analysis,	  median	  maternal	  age	  (28	  years)	  was	  used	  to	  create	  
a	  dichotomous	  variable.	  Maternal	  education	  was	  self-­‐reported,	  recorded	  continuously	  by	  the	  
NYCDOHMH	  as	  the	  number	  of	  years	  of	  schooling	  completed	  by	  the	  mother	  at	  the	  time	  of	  birth.	  	  
Consistent	  with	  previous	  studies	  examining	  the	  effect	  of	  education	  on	  LBW17	  and	  SGA41,	  
education	  was	  categorized	  to	  reflect	  different	  degrees	  of	  attainment	  as	  follows:	  <12	  years,	  12	  
years,	  13-­‐15	  years,	  16+	  years.	  	  The	  Bureau	  of	  Vital	  Statistics	  computed	  marital	  status	  using	  an	  
algorithm	  whereby	  mothers	  were	  classified	  as	  married	  if	  birth	  certificates	  bore	  father’s	  name	  or	  
were	  accompanied	  by	  an	  Acknowledgment	  of	  Paternity,	  and	  unmarried	  otherwise35.	  	  Financial	  
coverage	  of	  mothers’	  medical	  care	  and	  delivery	  expenses	  was	  classified	  by	  the	  NYCDOHMH	  into	  
several	  categories	  (Medicaid,	  HMO,	  Other	  3rd	  party,	  self-­‐pay,	  unknown)	  of	  health	  insurance	  
coverage,	  and	  defined	  as	  a	  dichotomous	  variable	  (insured/uninsured)	  for	  this	  analysis.	  	  
Similarly,	  mothers’	  participation	  in	  each	  of	  several	  public	  assistance	  programs	  (WIC,	  PCAP,	  
MOMS,	  AFDC)	  was	  recorded	  by	  NYCDOHMH	  (yes/no).	  	  For	  this	  study,	  the	  information	  was	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Consistent	  with	  past	  approaches,	  infant	  characteristics	  and	  maternal	  risk	  factors	  for	  the	  
outcome	  were	  also	  considered	  in	  this	  study9,13,15-­‐20,23,26,29,32,38,39,41.	  Clinical	  gestational	  age	  was	  
determined	  by	  the	  medical	  provider	  and	  recorded	  in	  weeks.	  Birth	  order	  was	  calculated	  using	  
data	  on	  previous	  deliveries	  to	  classify	  women	  as	  primiparous	  or	  multiparous.	  	  Infants’	  Apgar	  
score	  at	  five	  minutes	  and	  self-­‐reported	  maternal	  weight	  gain	  recorded	  in	  pounds	  were	  included	  
as	  continuous	  variables.	  	  Prenatal	  care	  received	  by	  the	  mother	  was	  also	  considered	  using	  the	  
Kessner	  Index42.	  	  This	  measure	  was	  calculated	  using	  information	  on	  the	  number	  of	  prenatal	  
care	  visits	  completed	  by	  a	  particular	  gestational	  age	  and	  the	  trimester	  in	  which	  prenatal	  care	  
was	  initiated.	  	  The	  Kessner	  Index	  categorizes	  prenatal	  care	  as	  adequate,	  intermediate	  or	  
inadequate.	  	  The	  analysis	  also	  included	  medical	  risk	  factors	  including	  maternal	  anemia,	  
diabetes,	  preeclampsia/eclampsia,	  placental	  abruption	  and	  placenta	  previa	  as	  well	  as	  maternal	  
use	  of	  tobacco	  and	  use	  of	  alcohol	  during	  pregnancy.	  	  All	  these	  variables	  were	  collected	  and	  
defined	  dichotomously	  (yes/no)	  by	  NYCDOHMH,	  as	  described	  in	  Chapter	  1.	  
	  
In	  this	  analysis,	  neighborhoods	  were	  defined	  as	  United	  Hospital	  Fund	  (UHF)	  neighborhoods.	  	  
NYC	  is	  divided	  into	  42	  neighborhoods	  represented	  by	  UHF	  geographic	  areas	  defined	  by	  several	  
adjoining	  zip	  codes43.	  	  These	  have	  political,	  economic,	  and	  social	  relevance	  because	  they	  
approximate	  NYC	  Community	  Planning	  Districts,	  which	  were	  established	  in	  1975	  to	  facilitate	  
service	  delivery,	  land	  use	  planning,	  and	  accountability	  of	  city	  services44,45.	  	  Moreover,	  the	  NYC	  
Department	  of	  Health	  and	  Mental	  Hygiene	  (DOHMH)	  uses	  UHFs	  for	  planning	  and	  health	  
intervention	  purposes46.	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The	  proportion	  of	  Hispanics	  in	  each	  UHF	  neighborhood	  was	  calculated	  using	  the	  number	  of	  
Hispanic	  residents	  recorded	  by	  the	  2000	  Census.	  	  The	  proportion	  of	  Hispanics	  ranged	  from	  0.5%	  
to	  79%	  across	  neighborhoods	  with	  a	  median	  of	  28%.	  	  The	  variable	  was	  categorized	  into	  
quartiles	  based	  on	  its	  distribution	  (Q1	  ≤	  25.1%	  ;	  25.1%	  <	  Q2	  ≤49.6%	  ;	  49.6%	  <	  Q3	  ≤	  71.5%	  ;	  
71.5%	  <	  Q4	  ≤	  100%)	  for	  analysis	  purposes.	  
	  
Given	  its	  association	  with	  race/ethnicity47,	  with	  birthweight33	  and	  with	  LBW30,48,	  neighborhood	  
disadvantage	  was	  considered	  as	  a	  potential	  confounder.	  	  It	  was	  included	  in	  the	  form	  of	  a	  
socioeconomic	  (SE)	  score	  summarizing	  neighborhood	  conditions	  based	  on	  factor	  analyses	  of	  
multiple	  2000	  U.S.	  Census	  variables,	  consistent	  with	  previous	  analyses	  using	  1990	  and	  2000	  U.S.	  
Census	  data49-­‐52.	  	  Six	  variables	  representing	  dimensions	  of	  wealth/income	  (log	  of	  the	  median	  
household	  income	  for	  1999,	  log	  of	  the	  median	  value	  of	  owner	  occupied	  housing	  units,	  and	  the	  
proportion	  of	  households	  receiving	  interest,	  dividend	  or	  net	  rental	  income),	  education	  (the	  
proportion	  of	  adults	  aged	  25	  years	  or	  older	  with	  a	  high	  school	  diploma	  and	  the	  proportion	  of	  
adults	  aged	  25	  years	  or	  older	  with	  completed	  college	  education),	  and	  occupation	  (the	  
proportion	  of	  employed	  persons	  aged	  16	  years	  or	  older	  in	  executive,	  managerial,	  or	  
professional	  specialty	  occupations)	  loaded	  on	  a	  factor	  with	  an	  Eigen	  value	  of	  7.65	  explaining	  
76%	  of	  the	  variance,	  and	  were	  combined	  to	  develop	  the	  score.	  	  
	  
Each	  one	  of	  the	  six	  variables	  comprising	  the	  SE	  score	  was	  transformed	  into	  a	  Z-­‐score	  by	  
subtracting	  its	  value	  from	  the	  mean	  of	  all	  NYC	  neighborhoods,	  or	  grand	  mean	  for	  that	  variable,	  
and	  dividing	  the	  result	  by	  the	  standard	  deviation	  for	  all	  neighborhoods	  in	  NYC,	  or	  standard	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deviation	  of	  the	  grand	  mean.	  The	  score	  for	  each	  neighborhood	  was	  calculated	  as	  the	  sum	  of	  the	  
Z-­‐scores	  for	  the	  six	  variables.	  	  The	  score	  ranged	  from	  -­‐10.00	  to	  16.13,	  with	  increasing	  values	  
reflecting	  greater	  neighborhood	  SE	  advantage.	  For	  the	  purposes	  of	  this	  analysis,	  the	  SE	  score	  
was	  categorized	  into	  quintiles	  based	  on	  the	  entire	  sample	  distribution	  (Q1:	  N=128,887;	  Q2:	  
N=123,081;	  Q3:	  N=85,402;	  Q4:	  N=109,704;	  Q5:	  N=90,121).	  	  An	  SE	  score	  was	  calculated	  for	  each	  
neighborhood.	  	  Other	  neighborhood-­‐level	  variables	  from	  the	  U.S.	  Census	  were	  also	  included	  in	  
the	  factor	  analysis,	  such	  as	  the	  proportions	  of	  single	  adult-­‐headed	  households	  with	  children,	  of	  
households	  receiving	  public	  assistance,	  of	  residents	  living	  below	  poverty	  level,	  and	  the	  
neighborhood	  proportion	  of	  black	  population,	  but	  they	  did	  not	  load	  onto	  the	  same	  factor.	  
	  
The	  analysis	  was	  limited	  to	  singleton	  live	  births	  to	  women	  15	  to	  45	  years	  of	  age	  who	  identified	  
as	  black,	  white	  or	  with	  a	  Hispanic	  subgroup,	  residing	  in	  one	  of	  the	  five	  boroughs	  of	  New	  York	  
City	  (N=470,725).	  	  Records	  were	  excluded	  from	  the	  sample	  if	  infants	  were	  born	  with	  congenital	  
anomalies	  (N=4,318)	  (Appendix	  2),	  or	  were	  missing	  data	  on	  birthweight	  (N=1),	  nativity	  status	  of	  
mother	  (N=1,893),	  maternal	  educational	  attainment	  (N=2,568),	  or	  UHF	  neighborhood	  
(N=1,368).	  	  These	  exclusions	  yielded	  a	  final	  sample	  of	  460,881	  records	  across	  42	  UHF	  
neighborhoods	  (mean=10,973,	  median=10,255,	  minimum=1,344,	  maximum=26,753).	  	  When	  
compared	  on	  SGA	  prevalence	  and	  maternal,	  infant	  and	  neighborhood	  characteristics,	  the	  
included	  and	  excluded	  records	  were	  found	  to	  be	  significantly	  different	  on	  every	  variable	  except	  
the	  prevalence	  of	  anemia,	  of	  preecampsia/eclampsia,	  and	  of	  placenta	  previa	  (P	  <0.01,	  <0.001	  
and	  <0.0001)	  (Appendix	  6).	  These	  differences	  were	  described	  in	  detail	  in	  Chapter	  2.	  	  The	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statistical	  significance	  of	  differences	  may	  have	  been	  due	  in	  part	  to	  the	  large	  number	  of	  records	  
used	  in	  the	  analysis.	  
	  
Statistical	  analysis	  	  
Multilevel	  logistic	  models	  were	  fit	  with	  random	  effects	  to	  estimate	  the	  strength	  of	  the	  
association	  between	  race/ethnicity-­‐nativity	  and	  SGA	  adjusting	  for	  selected	  characteristics,	  while	  
accounting	  for	  the	  correlation	  between	  observations	  within	  the	  same	  UHF	  neighborhood.	  	  In	  
addition	  to	  the	  models	  presented	  in	  Chapter	  2,	  four	  models	  were	  fit	  to	  estimate	  this	  
association.	  	  Model	  1	  assessed	  the	  relationship	  of	  race/ethnicity-­‐nativity	  with	  SGA	  while	  
controlling	  for	  maternal	  age,	  marital	  status	  and	  neighborhood	  socioeconomic	  score.	  	  Model	  2	  
controlled	  for	  all	  the	  covariates	  in	  Model	  1,	  plus	  maternal	  educational	  attainment.	  	  In	  lieu	  of	  
maternal	  education,	  Model	  3	  controlled	  for	  Neighborhood	  Proportion	  of	  Hispanic	  Population,	  
or	  NPHP.	  	  Model	  4	  adjusted	  for	  both	  maternal	  educational	  attainment	  and	  neighborhood	  
proportion	  of	  Hispanic	  population	  in	  addition	  to	  all	  the	  covariates	  in	  Model	  1.	  	  The	  multivariable	  
analysis	  results	  were	  not	  shown	  for	  the	  category	  of	  Other	  Hispanics,	  given	  the	  heterogeneous	  
composition	  of	  this	  group.	  	  Effect	  measure	  modification	  by	  maternal	  educational	  attainment	  
and	  by	  NPHP	  was	  examined	  using	  two	  separate	  models.	  	  Each	  model	  included	  a	  2-­‐way	  
interaction	  term	  (race/ethnicity-­‐nativity*education	  or	  race/ethnicity-­‐nativity*NPHP,	  
respectively),	  which	  was	  tested	  for	  statistical	  significance.	  When	  testing	  effect	  measure	  
modification	  by	  education,	  the	  model	  did	  not	  adjust	  for	  education	  and	  the	  model	  testing	  effect	  
measure	  modification	  by	  NPHP	  did	  not	  adjust	  for	  NPHP.	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The	  Intraclass	  Correlation	  Coefficient	  (ICC)	  was	  used	  to	  estimate	  the	  proportion	  of	  variance	  in	  
SGA	  due	  to	  neighborhood-­‐level	  factors.	  	  Consistent	  with	  a	  previous	  study53,	  the	  pseudo-­‐ICC	  was	  
calculated	  using	  the	  approach	  developed	  by	  Snijders	  and	  Boskers54	  (ICC=	  UHF-­‐level	  variance/	  
UHF-­‐level	  variance	  +	  π)	  53,55.	  	  To	  measure	  the	  strength	  of	  the	  influence	  of	  neighborhood	  factors,	  
the	  median	  odds	  ratio	  (MOR)	  was	  calculated:	  MOR	  =	  exp	  [	  √(2	  x	  UHF-­‐level	  variance)	  x	  0.6745	  ]	  ,	  
where	  0.6745	  is	  a	  constant56.	  	  The	  MOR	  quantifies	  neighborhood	  variation	  in	  SGA	  by	  comparing	  
women	  from	  two	  randomly	  chosen	  neighborhoods.	  	  In	  the	  context	  of	  this	  study,	  the	  MOR	  
represents	  the	  median	  value	  of	  the	  odds	  ratio	  between	  the	  neighborhood	  at	  highest	  risk	  (most	  
disadvantaged)	  for	  SGA	  and	  the	  neighborhood	  at	  lowest	  risk	  (least	  disadvantaged).	  	  An	  
important	  feature	  of	  the	  MOR	  is	  that	  it	  translates	  neighborhood-­‐level	  variance	  into	  a	  scale	  
comparable	  with	  the	  conventional	  odds	  ratio.	  	  It	  is	  always	  greater	  than	  or	  equal	  to	  1,	  with	  an	  
MOR=1	  indicating	  no	  variation	  between	  neighborhoods.	  	  All	  data	  management	  and	  analyses	  
were	  carried	  out	  using	  SAS	  9.357.	  
	  
Results	  
Descriptive	  statistics	  of	  the	  sample	  population	  were	  presented	  in	  Chapter	  2	  for	  continuous	  
variables	  using	  means	  and	  medians,	  and	  for	  binary	  and	  categorical	  variables	  using	  frequencies	  
and	  proportions.	  	  For	  the	  present	  analysis,	  the	  distribution	  of	  maternal	  educational	  attainment	  
and	  the	  distribution	  of	  neighborhood	  proportion	  of	  Hispanic	  population	  were	  presented	  by	  
race/ethnicity	  and	  nativity	  in	  Appendices	  3a	  and	  3b.	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Table	  4.1	  presents	  the	  results	  of	  the	  multilevel	  logistic	  regression	  analysis	  for	  SGA,	  including	  
measures	  of	  variation	  and	  clustering.	  	  The	  observed	  ICC	  range	  across	  Models	  1,	  2,	  3,	  and	  4	  
(0.0101-­‐0.0110)	  was	  negligible,	  signaling	  minimal	  influence	  of	  neighborhood-­‐level	  factors	  on	  
the	  variance	  of	  SGA.	  	  Furthermore,	  adjustment	  for	  maternal	  educational	  attainment	  and	  NPHP	  
yielded	  only	  a	  modest	  proportional	  change	  in	  variance	  from	  models	  2	  to	  4	  (0.08,	  -­‐0.08	  and	  -­‐
0.07,	  respectively).	  
	  
The	  MOR	  of	  all	  four	  models	  (1.10)	  suggested	  very	  little	  neighborhood-­‐level	  variation,	  and	  more	  
specifically,	  indicated	  that	  a	  woman’s	  risk	  of	  having	  a	  SGA	  infant	  would	  increase	  1.10	  times,	  in	  
median,	  if	  she	  moved	  to	  a	  more	  disadvantaged	  neighborhood.	  	  The	  weak	  MOR	  also	  indicated	  
that	  in	  the	  presence	  of	  the	  individual-­‐level	  covariates	  specified	  in	  each	  model,	  the	  contribution	  
of	  women's	  environment	  had	  minimal	  influence	  on	  their	  risk	  of	  bearing	  an	  SGA	  infant.	  	  
	  
Overall,	  there	  was	  very	  little	  change	  in	  the	  odds	  ratio	  estimates	  for	  having	  an	  SGA	  infant	  across	  
Models	  1	  through	  4	  (Table	  4.1).	  	  Among	  women	  whose	  odds	  were	  greater	  than	  those	  of	  USB	  
whites,	  USB	  black	  women	  exhibited	  the	  highest	  (OR:1.65;95%CI:1.59,1.71)	  and	  USB	  Dominican	  
women	  the	  lowest	  (OR:1.10;95%CI:1.03,1.18),	  adjusting	  for	  maternal	  age,	  marital	  status	  and	  
neighborhood	  socioeconomic	  score	  (Model	  1).	  	  In	  contrast,	  a	  protective	  effect	  was	  observed	  
among	  FB	  Mexicans	  (OR:	  0.90;95%CI:0.86,0.94),	  USB	  and	  FB	  South	  Americans	  (OR:	  
0.86;95%CI:0.76,0.96	  and	  OR:	  0.81;95%CI:0.77,0.86)	  and	  FB	  Cubans	  (OR:	  0.44;95%CI:0.24,0.81).	  
In	  Model	  2,	  where	  the	  odds	  of	  having	  an	  SGA	  infant	  were	  additionally	  adjusted	  for	  maternal	  
educational	  attainment	  only,	  there	  was	  a	  minor	  decline	  in	  the	  strength	  of	  most	  OR	  estimates,	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but	  no	  change	  in	  their	  statistical	  significance.	  	  Adjustment	  for	  NPHP	  in	  the	  place	  of	  maternal	  
education	  (Model	  3)	  and	  adjustment	  for	  both	  education	  and	  NPHP	  (Model	  4)	  produced	  ORs	  
virtually	  identical	  to	  those	  of	  Model	  1	  and	  Model	  2,	  respectively.	  	  The	  sole	  change	  in	  statistical	  
significance	  was	  among	  FB	  Dominican	  women	  in	  Model	  4,	  whose	  odds	  of	  having	  an	  SGA	  infant	  
were	  lower	  than	  those	  of	  their	  white	  counterparts.	  	  
	  
The	  two	  interaction	  terms	  that	  were	  tested	  (race/ethnicity-­‐nativity*education,	  p<0.0001;	  
race/ethnicity-­‐nativity*NPHP,	  p<0.0001)	  were	  significant,	  indicating	  effect	  measure	  
modification	  on	  the	  multiplicative	  scale.	  	  Stratified	  analyses	  were	  conducted	  by	  maternal	  
educational	  attainment	  (Table	  4.2a)	  and	  by	  NPHP	  (Table	  4.2b).	  	  The	  ICC	  in	  the	  stratified	  SGA	  
models	  indicated	  that,	  independent	  of	  maternal	  education,	  contextual	  factors	  explained	  a	  
negligible	  fraction	  of	  the	  variance	  in	  SGA	  (0.17%.	  0.18%,	  0.24%	  and	  0.62%,	  respectively)	  (Table	  
4.2a).	  	  In	  addition,	  the	  MOR	  across	  education	  strata	  (range:	  1.07-­‐1.15)	  were	  fairly	  weak,	  
indicating	  only	  slight	  variation	  across	  neighborhoods.	  	  These	  estimates	  suggested	  that	  most	  of	  
the	  variance	  in	  SGA	  risk	  occurs	  at	  the	  individual	  level,	  even	  in	  the	  strata	  of	  education	  where	  the	  
neighborhood	  effect	  was	  strongest.	  	  
	  
USB	  black	  and	  USB	  Puerto	  Rican	  women	  consistently	  exhibited	  greater	  odds	  of	  bearing	  an	  SGA	  
infant	  than	  USB	  white	  women	  at	  all	  levels	  of	  education	  (Table	  4.2a).	  	  However,	  in	  both	  
instances	  their	  odds	  became	  attenuated	  with	  greater	  education,	  decreasing	  from	  1.75	  
(95%CI:1.58,1.92)	  to	  1.52	  (1.41,1.64)	  for	  USB	  black	  women	  and	  from	  1.30	  (95%CI:1.17,1.44)	  to	  
1.20	  (95%CI:1.07,1.35)	  for	  USB	  Puerto	  Rican	  women.	  	  	  In	  contrast,	  there	  was	  very	  little	  variation	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in	  the	  odds	  among	  FB	  black	  (range:	  1.44-­‐1.39)	  and	  FB	  Puerto	  Rican	  women	  (range:	  1.17-­‐1.21),	  
which	  were	  all	  significantly	  greater	  than	  the	  odds	  of	  USB	  whites	  with	  the	  exception	  of	  FB	  Puerto	  
Ricans	  having	  completed	  at	  least	  some	  college	  (OR:1.18;95%CI:1.00,1.38),	  or	  possessing	  a	  
college	  degree	  (OR:1.18;95%CI:0.94,1.50).	  	  Among	  Dominicans,	  only	  foreign-­‐born	  women	  with	  
the	  most	  education	  (OR:1.19;95%CI:1.07,1.33)	  exhibited	  odds	  significantly	  greater	  than	  those	  of	  
USB	  whites.	  	  In	  contrast,	  only	  the	  odds	  among	  the	  least	  educated	  Mexican	  women	  differed	  
from	  those	  of	  USB	  whites:	  greater	  among	  those	  U.S.-­‐born	  not	  having	  completed	  high	  school	  
(OR:1.27;95%CI:1.02,1.58),	  lesser	  among	  those	  foreign-­‐born	  not	  having	  complete	  high	  school	  or	  
with	  a	  high	  school	  degree	  (OR:0.82;95%CI:0.74,0.90	  and	  OR:0.82;95%CI:0.74,0.90,	  
respectively).	  	  	  The	  pattern	  among	  FB	  South	  Americans	  was	  similar,	  with	  women	  in	  the	  lower	  
three	  education	  categories	  exhibiting	  protective	  odds,	  as	  compared	  to	  USB	  whites	  
(OR:0.72;95%CI:0.64,0.82,	  OR:0.74;95%CI:0.67,0.81	  and	  OR:0.83;95%CI:0.73,0.94).	  	  Moreover,	  
these	  odds	  increased	  with	  greater	  maternal	  education.	  
	  
As	  with	  maternal	  education,	  the	  measures	  of	  variation	  and	  clustering	  in	  the	  analysis	  with	  NPHP	  
suggested	  that	  most	  of	  the	  variance	  in	  SGA	  risk	  occurs	  at	  the	  individual	  level.	  	  The	  ICC	  and	  the	  
modest	  MOR	  indicated	  that	  contextual	  factors	  exerted	  only	  minimal	  influence	  on	  the	  variance	  
of	  SGA	  (Table	  4.2b).	  	  The	  odds	  of	  bearing	  an	  SGA	  infant	  for	  black	  women,	  independent	  of	  
nativity	  status,	  were	  consistently	  higher	  than	  those	  of	  USB	  whites	  and	  got	  larger	  as	  NPHP	  
increased.	  	  USB	  Puerto	  Rican	  women	  followed	  the	  same	  pattern	  as	  black	  women.	  	  The	  odds	  for	  
both	  FB	  Puerto	  Rican	  and	  USB	  Dominican	  women	  were	  significantly	  higher	  than	  those	  of	  USB	  
whites	  only	  when	  NPHP	  was	  greatest	  (OR:1.30;95%CI:1.15,1.47	  and	  OR:1.20;95%CI:1.07,1.34,	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respectively).	  	  Similarly,	  as	  compared	  to	  USB	  whites,	  both	  USB	  Mexican	  and	  USB	  Central	  
American	  women	  exhibited	  significantly	  greater	  odds	  only	  at	  the	  highest	  quartiles	  (3	  and	  4)	  of	  
NPHP	  (OR:1.31;95%CI:1.05,1.63	  and	  OR:1.46;95%CI:1.13,1.88,	  respectively).	  	  Meanwhile,	  in	  the	  
same	  quartiles,	  the	  odds	  of	  FB	  Mexican	  as	  well	  as	  USB	  South	  American	  women	  were	  
significantly	  lower	  than	  those	  of	  USB	  whites.	  	  	  A	  modest	  protective	  effect	  was	  observed	  among	  
FB	  South	  American	  women	  across	  quartiles	  2,	  3	  and	  4	  (OR:0.71;95%CI:0.62,0.81,	  
OR:0.82;95%CI:0.74,0.9	  and	  OR:0.79;95%CI:0.70,0.88,	  respectively).	  	  
	  
Discussion	  
This	  study	  found	  that	  among	  women	  residing	  in	  NYC,	  the	  association	  of	  race/ethnicity-­‐nativity	  
with	  SGA	  varied	  by	  maternal	  educational	  attainment	  and	  by	  NPHP,	  after	  controlling	  for	  
individual-­‐level	  and	  contextual	  factors.	  	  Effect	  measure	  modification	  by	  education	  was	  present	  
among	  several	  race/ethnic	  subgroups,	  but	  the	  influence	  varied	  by	  subgroup.	  	  In	  addition,	  the	  
relationship	  between	  race/ethnicity-­‐nativity	  and	  SGA	  risk	  varied	  by	  NPHP	  across	  certain	  
subgroups,	  exhibiting	  a	  positive	  relationship	  in	  some	  and	  an	  inverse	  association	  in	  others.	  	  
Moreover,	  the	  MOR	  demonstrated	  that	  the	  clustering	  of	  women	  into	  neighborhoods	  of	  
residence	  exerted	  only	  minimal	  influence	  on	  the	  odds	  of	  having	  an	  SGA	  infant.	  
	  
These	  findings	  are	  consistent	  with	  certain	  aspects	  of	  the	  research	  conducted	  by	  Acevedo-­‐Garcia	  
et	  al.	  on	  LBW	  in	  Mexican,	  Puerto	  Rican,	  Cuban	  and	  Central/South	  American	  women17.	  	  One	  of	  
their	  primary	  findings	  was	  that	  foreign	  birth	  relative	  to	  US	  birth	  was	  protective	  only	  among	  
Mexicans.	  	  Further	  testing	  of	  effect	  measure	  modification	  by	  education	  among	  Hispanic/nativity	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subgroups	  revealed	  that	  the	  protective	  effect	  of	  foreign	  birth	  among	  Mexican	  and	  
Central/South	  American	  women	  was	  significantly	  stronger	  for	  those	  with	  the	  least	  education.	  	  
In	  contrast	  to	  Acevedo-­‐Garcia	  et	  al.17,	  the	  present	  analysis	  found	  that	  foreign	  birth	  exerted	  a	  
significant	  protective	  effect	  not	  only	  for	  Mexicans,	  but	  also	  for	  Dominicans,	  South	  Americans	  
and	  Cubans,	  as	  compared	  to	  USB	  whites	  in	  a	  fully	  adjusted	  model.	  	  FB	  Mexicans	  and	  FB	  South	  
Americans	  clearly	  exhibited	  a	  protective	  effect	  that	  waned	  with	  increased	  levels	  of	  maternal	  
educational	  attainment.	  	  The	  influence	  of	  education	  differed	  greatly	  between	  USB	  and	  FB	  
Mexicans,	  as	  observed	  by	  Acevedo-­‐Garcia	  et	  al.17,	  but	  was	  very	  similar	  across	  nativity	  status	  in	  
South	  Americans.	  	  Furthermore,	  black	  and	  Puerto	  Rican	  women	  in	  this	  study,	  exhibiting	  
elevated	  odds	  of	  bearing	  an	  SGA	  infant	  in	  both	  nativity	  strata	  as	  compared	  to	  USB	  whites,	  
displayed	  moderate	  variation	  in	  the	  U.S-­‐born	  stratum	  where	  SGA	  decreased	  with	  increasing	  
education,	  and	  negligible	  variation	  among	  their	  foreign-­‐born	  counterparts.	  
	  
Some	  of	  the	  discrepancies	  with	  Acevedo	  Garcia	  et	  al.17	  could	  be	  due	  to	  differences	  in	  study	  
approaches,	  the	  most	  obvious	  of	  which	  is	  the	  outcome	  of	  interest.	  	  Acevedo	  Garcia	  et	  al.'s	  focus	  
on	  LBW	  would	  have	  included	  preterm	  infants	  that	  were	  excluded	  from	  the	  present	  study.	  	  A	  
broader	  gestational	  age	  range	  may	  have	  emphasized	  risk	  in	  infants	  that	  were	  not	  SGA,	  but	  
simply	  born	  early	  and	  whose	  weight	  was	  appropriate-­‐for-­‐gestational	  age,	  resulting	  in	  the	  failure	  
to	  identity	  a	  protective	  effect	  in	  more	  groups.	  	  The	  inconsistencies	  in	  the	  estimates	  may	  also	  be	  
attributable	  to	  differences	  in	  the	  study	  populations.	  	  Acevedo	  Garcia	  et	  al.	  relied	  on	  national	  
birth	  data	  representing	  a	  broad	  range	  of	  geographic	  and	  cultural	  contexts,	  with	  a	  Hispanic	  
sample	  that	  was	  predominantly	  Mexican	  (74.8%,	  16.5%	  Central/South	  American,	  6.7%	  Puerto	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Rican,	  and	  1.9%	  Cuban)17.	  	  In	  contrast,	  the	  NYCDOHMH	  dataset	  was	  geographically	  focused	  and	  
represented	  more	  balanced	  Hispanic	  heterogeneity,	  where	  Puerto	  Ricans,	  Dominicans,	  
Mexicans	  and	  South	  Americans	  made	  up	  about	  85%	  of	  the	  sample	  (25.0%,	  25.2%,	  20.8%	  and	  
15.0%	  respectively).	  	  	  
	  
Perhaps	  the	  primary	  analytical	  difference	  is	  the	  choice	  of	  reference	  group	  in	  each	  study.	  	  While	  
both	  sought	  to	  examine	  effect	  measure	  modification	  by	  education,	  Acevedo	  Garcia	  et	  al.17	  
compared	  foreign	  born	  women	  within	  each	  ethnic	  group	  to	  their	  U.S.-­‐born	  counterparts	  while	  
the	  present	  research	  compared	  all	  women	  to	  USB	  white	  women.	  	  	  The	  latter	  approach	  was	  
adopted	  in	  this	  analysis	  because	  it	  is	  consistent	  with	  literature	  on	  the	  Hispanic	  Paradox,	  defined	  
by	  the	  comparison	  of	  health	  outcomes	  among	  Hispanics	  to	  those	  of	  non-­‐Hispanic	  whites.	  	  	  	  
However,	  the	  discrepancy	  in	  reference	  groups	  between	  studies	  did	  not	  incur	  major	  differences	  
in	  significant	  findings	  for	  effect	  measure	  modification	  by	  education.	  	  This	  may	  be	  explained	  by	  
the	  similarity	  between	  estimates	  of	  women	  in	  the	  highest	  education	  category	  (16+	  years)	  in	  the	  
analysis	  by	  Acevedo-­‐Garcia	  et	  al.	  and	  those	  of	  USB	  whites	  in	  the	  present	  study.	  	  	  
	  	  
To	  date,	  the	  literature	  exploring	  the	  relationship	  between	  neighborhood	  racial/ethnic	  
composition	  and	  birth	  outcomes	  among	  Hispanics	  has	  also	  been	  scarce	  and	  has	  yielded	  
disparate	  findings18-­‐20.	  	  No	  study	  has	  examined	  the	  variation	  of	  SGA	  by	  NPHP.	  	  Walton’s	  
approach	  was	  to	  examine	  residential	  segregation	  in	  the	  national	  Hispanic	  population18	  using	  
spatial	  isolation	  and	  clustering	  measures	  previously	  found	  to	  influence	  the	  risk	  of	  bearing	  an	  
LBW	  infant	  among	  African	  Americans	  29,31.	  	  The	  spatial	  isolation	  accounted	  for	  the	  extent	  to	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which	  group	  members	  were	  exposed	  only	  to	  one	  another	  or	  to	  members	  of	  other	  groups,	  and	  
the	  measure	  of	  clustering	  described	  the	  extent	  to	  which	  minority	  groups	  lived	  in	  contiguous	  
census	  tracts.	  	  The	  effect	  of	  residential	  segregation	  on	  LBW	  was	  non-­‐significant	  among	  
Hispanics.	  	  	  
	  
In	  a	  New	  York	  City	  sample,	  Mason	  et	  al.	  found	  that	  higher	  neighborhood	  ethnic	  density,	  
measured	  as	  the	  proportion	  of	  population	  with	  a	  woman’s	  own	  ethnic	  identity	  equal	  or	  greater	  
than	  25%,	  significantly	  increased	  the	  risk	  of	  preterm	  birth	  for	  black	  women	  living	  in	  high	  density	  
black	  neighborhoods19.	  	  However,	  greater	  Hispanic	  ethnic	  density	  had	  a	  slightly	  protective	  or	  
null	  effect	  for	  Spanish	  Caribbean,	  Central	  American,	  as	  well	  as	  South	  American	  women.	  	  In	  
addition,	  Osypuk	  et	  al.	  measured	  exposure	  to	  neighborhood	  composition	  of	  residents	  with	  
Mexican	  ancestry,	  by	  nativity,	  in	  a	  sample	  of	  women	  of	  Mexican	  ancestry	  across	  several	  
metropolitan	  statistical	  areas20.	  	  They	  observed	  a	  decrease	  in	  mean	  birthweight	  among	  infants	  
of	  U.S.-­‐born	  mothers	  in	  the	  quartile	  of	  greatest	  exposure	  to	  neighborhoods	  with	  a	  high	  
proportion	  of	  U.S.-­‐born	  residents	  of	  Mexican	  ancestry,	  as	  compared	  to	  their	  counterparts	  in	  the	  
quartile	  with	  the	  least	  exposure.	  This	  relationship	  was	  not	  detected	  for	  Mexican	  immigrants	  in	  
their	  analysis.	  
	  
The	  present	  research	  findings	  are	  only	  partially	  consistent	  with	  past	  studies	  on	  the	  influence	  of	  
neighborhood	  characteristics	  on	  birth	  outcomes,	  owing	  perhaps	  to	  differences	  in	  outcome,	  
race/ethnic	  groups	  and	  neighborhood-­‐level	  measures.	  	  This	  research	  revealed	  significant,	  
though	  largely	  modest,	  variation	  in	  the	  odds	  of	  having	  an	  SGA	  infant	  by	  neighborhood	  ethnic	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composition,	  measured	  as	  NPHP.	  	  The	  observed	  increase	  in	  SGA	  odds	  with	  greater	  NPHP	  among	  
black	  women	  echoed	  the	  pattern	  of	  increasing	  preterm	  birth	  risk	  with	  greater	  black	  density	  
seen	  in	  prior	  studies19.	  	  However,	  the	  present	  findings	  differed	  from	  previous	  studies18-­‐20	  in	  that	  
SGA	  risk	  varied	  significantly	  by	  NPHP	  among	  all	  Hispanic	  subgroups,	  with	  the	  exception	  of	  
Cubans.	  	  Furthermore,	  the	  increased	  risk	  of	  having	  an	  SGA	  infant	  among	  USB	  Mexicans	  with	  
greater	  NPHP	  is	  consistent	  with	  past	  findings20,	  despite	  differences	  in	  outcome	  and	  definition	  of	  
neighborhood	  composition.	  	  Overall,	  the	  present	  study	  suggests	  that	  while	  SGA	  risk	  does	  
increase	  among	  most	  Hispanic	  subgroups	  with	  increased	  NPHP,	  this	  occurs	  largely	  among	  U.S.-­‐
born	  women.	  	  With	  the	  exception	  of	  Puerto	  Ricans,	  infants	  born	  to	  foreign-­‐born	  women	  
experienced	  a	  protective	  effect	  or	  exhibited	  risk	  which	  was	  not	  different	  from	  that	  of	  their	  
counterparts	  born	  to	  USB	  white	  women,	  and	  which	  did	  not	  change	  with	  increasing	  NPHP.	  	  
	  
Limitations	  of	  the	  NYCDOHMH	  dataset	  pertaining	  to	  the	  dearth	  of	  measures	  of	  acculturation	  
and	  of	  social	  support	  have	  been	  explained	  in	  detail	  in	  Chapters	  1	  and	  2.	  	  Other	  limitations	  
discussed	  therein	  include	  the	  methodological	  deficiencies	  in	  the	  coding	  of	  race	  categories	  by	  
the	  NYCDOHMH.	  	  Furthermore,	  given	  differences	  in	  educational	  systems	  across	  countries	  and	  
between	  geographic	  regions	  within	  certain	  countries,	  there	  may	  be	  challenges	  in	  comparing	  
educational	  attainment	  among	  U.S.-­‐born	  and	  foreign-­‐born	  women.	  	  In	  addition,	  the	  possibility	  
of	  defining	  neighborhood	  ethnic	  composition	  by	  disaggregated	  Hispanic	  subgroups	  (i.e.	  Puerto	  
Rican,	  Dominican,	  Mexican)	  was	  constrained	  by	  the	  spatial	  concentration	  of	  Hispanic	  subgroups	  
within	  a	  few	  areas	  across	  New	  York	  City.	  	  As	  a	  result,	  NPHP	  was	  calculated	  using	  2000	  Census	  
data	  to	  create	  a	  measure	  aggregating	  all	  Hispanics	  persons.	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Overall,	  most	  differences	  in	  the	  characteristics	  of	  included	  and	  excluded	  records	  were	  
statistically	  significant	  due	  to	  the	  large	  sample	  size,	  but	  were	  not	  quantitatively	  consequential	  
(Appendix	  6).	  	  In	  light	  of	  the	  primary	  exposures	  of	  interest	  of	  this	  study,	  the	  most	  notable	  
differences	  were	  that	  women	  excluded	  were	  more	  likely	  to	  be	  black	  (37.5%)	  and	  foreign-­‐born	  
(57.4%),	  as	  compared	  to	  the	  women	  included	  in	  the	  analysis	  (28.4%	  and	  49.8%,	  respectively).	  	  If	  
the	  SGA	  risk	  of	  those	  excluded	  resembled	  that	  of	  their	  counterparts	  in	  the	  study,	  the	  results	  
may	  have,	  on	  the	  one	  hand	  underestimated	  the	  SGA	  odds	  for	  African	  American	  women	  and	  on	  
the	  other,	  underestimated	  the	  protective	  effect	  of	  foreign-­‐birth.	  	  However,	  given	  that	  excluded	  
records	  constituted	  but	  2.1%	  of	  the	  total	  sample,	  it	  is	  unlikely	  that	  these	  discrepancies	  had	  any	  
influence	  on	  the	  final	  results.	  	  	  
	  
Despite	  certain	  limitations,	  this	  research	  implements	  a	  novel	  approach	  to	  examining	  individual-­‐	  
and	  neighborhood-­‐level	  determinants	  of	  SGA.	  	  It	  is	  the	  first	  study	  to	  assess	  whether	  the	  
association	  between	  race/ethnicity	  and	  SGA	  is	  modified	  by	  maternal	  educational	  attainment	  
and	  by	  NPHP	  among	  Hispanic	  subgroups,	  while	  controlling	  simultaneously	  for	  both	  variables.	  	  A	  
major	  strength	  of	  this	  study	  is	  the	  disaggregation	  of	  Hispanics	  into	  subgroups	  based	  on	  country	  
of	  origin	  and	  nativity.	  	  This	  approach	  has	  generated	  novel	  findings	  with	  respect	  to	  groups	  such	  
as	  Dominicans,	  who	  have	  received	  scant	  attention	  in	  the	  past	  despite	  their	  growing	  population	  
in	  large	  urban	  areas	  such	  as	  NYC.	  	  Moreover,	  the	  separate	  examination	  of	  Central	  American	  and	  
South	  American	  women	  is	  notable,	  not	  only	  because	  it	  addresses	  some	  of	  the	  geographic	  and	  
cultural	  heterogeneity	  in	  the	  region,	  but	  especially	  in	  light	  of	  the	  fact	  that	  in	  this	  study	  these	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groups	  exhibited	  different	  levels	  of	  risk	  as	  compared	  to	  USB	  whites.	  	  The	  control	  of	  contextual	  
variability	  in	  SGA,	  which	  has	  not	  having	  been	  accounted	  for	  in	  prior	  research	  focusing	  on	  this	  
population13-­‐15,	  is	  a	  novel	  aspect	  of	  this	  analysis	  as	  well.	  	  An	  additional	  strength	  of	  this	  research	  
is	  the	  use	  of	  NYCDOHMH	  birth	  records	  comprising	  all	  births	  occurring	  in	  NYC	  during	  the	  stated	  
five-­‐year	  period.	  	  Furthermore,	  given	  that	  the	  race/ethnic	  composition	  of	  the	  study	  data	  is	  
highly	  representative	  of	  the	  current	  NYC	  population,	  the	  findings	  underscoring	  the	  importance	  
of	  disaggregating	  race/ethnic	  data	  by	  country	  of	  origin	  and	  nativity	  status	  and	  of	  examining	  the	  
neighborhood	  level	  variation	  can	  inform	  infant	  health	  policy	  for	  a	  large	  proportion	  of	  NYC	  
residents.	  	  Awareness	  of	  intragroup	  variation	  may	  guide	  allocation	  of	  clinical	  resources	  and	  
shape	  research	  agendas.	  
	  
Conclusion	  	  
This	  study	  found	  that	  the	  association	  of	  race/ethnicity-­‐nativity	  with	  SGA	  varied	  significantly	  by	  
maternal	  level	  of	  educational	  attainment	  and	  by	  neighborhood	  ethnic	  composition,	  as	  
measured	  by	  NPHP.	  	  Findings	  from	  this	  analysis	  largely	  confirmed	  extant	  research	  on	  birth	  
outcomes	  among	  Mexicans,	  but	  additionally	  revealed	  data	  on	  subgroups	  which	  have	  been	  less	  
conspicuous	  or	  missing	  altogether	  from	  past	  research.	  	  	  As	  the	  first	  study	  to	  examine	  effect	  
measure	  modification	  of	  SGA	  by	  education	  and	  by	  NPHP	  among	  Hispanic	  subgroups,	  this	  
analysis	  offers	  new	  methodological	  considerations	  for	  the	  growing	  field	  of	  interest	  in	  the	  
relationship	  between	  neighborhood	  characteristics	  and	  birth	  outcomes12,19,20,24-­‐29,48,58-­‐63,	  and	  for	  
the	  ongoing	  development	  of	  approaches	  to	  examining	  the	  interplay	  of	  individual-­‐	  and	  
neighborhood-­‐level	  factors.	  	  As	  the	  Hispanic	  population	  in	  the	  U.S.	  grows	  and	  becomes	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increasingly	  diverse	  in	  terms	  of	  country	  of	  origin,	  these	  findings	  have	  important	  research	  and	  
policy	  implications	  for	  public	  health	  practitioners	  developing	  reproductive	  health	  approaches	  
for	  Hispanic	  subgroups	  in	  large	  urban	  areas	  such	  as	  New	  York	  City.	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Table	  4.1.	  	  Measures	  of	  association	  according	  to	  race/ethnicity	  and	  measures	  of	  variation	  and	  clustering	  of	  small	  for	  gestational	  
age	  (SGA).	  	  New	  York	  City:	  2003-­‐2007.	  	  	  
	  
	   Individual-­‐level	  estimates	  (OR,	  95%CI)	  
	   Model	  1	   Model	  2	   Model	  3	   Model	  4	  
White	   	  
U.S.-­‐born	   1.00	  
Foreign-­‐born	   0.98	  (0.95,1.02)	   0.98	  (0.95,1.02)	   0.98	  (0.95,1.02)	   0.98	  (0.95,1.02)	  
Black	   	   	   	   	  
U.S.-­‐born	   1.65	  (1.59,1.71)	   1.62	  (1.56,1.68)	   1.65	  (1.59,1.71)	   1.62	  (1.56,1.68)	  
Foreign-­‐born	   1.39	  (1.34,1.45)	   1.36	  (1.31,1.42)	   1.40	  (1.34,1.45)	   1.36	  (1.31,1.42)	  
Puerto	  Rican	   	   	   	   	  
U.S.-­‐born	   1.26	  (1.21,1.31)	   1.21	  (1.16,1.27)	   1.25	  (1.20,1.30)	   1.21	  (1.16,1.26)	  
Foreign-­‐born	   1.21	  (1.13,1.29)	   1.16	  (1.08,1.24)	   1.20	  (1.12,1.29)	   1.16	  (1.08,1.24)	  
Dominican	   	   	   	   	  
U.S.-­‐born	   1.10	  (1.03,1.18)	   1.09	  (1.03,1.17)	   1.10	  (1.03,1.17)	   1.09	  (1.02,1.16)	  
Foreign-­‐born	   0.98	  (0.94,1.02)	   0.95	  (0.91,1.00)	   0.97	  (0.93,1.02)	   0.95	  (0.91,0.99)	  
Mexican	   	   	   	   	  
U.S.-­‐born	   1.22	  (1.06,1.41)	   1.17	  (1.02,1.35)	   1.22	  (1.05,1.40)	   1.17	  (1.02,1.35)	  
Foreign-­‐born	   0.90	  (0.86,0.94)	   0.83	  (0.79,0.87)	   0.89	  (0.85,0.93)	   0.83	  (0.79,0.87)	  
South	  American	   	   	   	   	  
U.S.-­‐born	   0.86	  (0.76,0.96)	   0.86	  (0.76,0.96)	   0.85	  (0.76,0.96)	   0.85	  (0.76,0.96)	  
Foreign-­‐born	   0.81	  (0.77,0.86)	   0.78	  (0.74,0.82)	   0.81	  (0.77,0.85)	   0.78	  (0.74,0.82)	  
Central	  American	   	   	   	   	  
U.S.-­‐born	   1.18	  (1.03,1.36)	   1.18	  (1.02,1.36)	   1.18	  (1.02,1.36)	   1.17	  (1.02,1.35)	  
Foreign-­‐born	   1.02	  (0.95,1.09)	   0.96	  (0.90,1.03)	   1.01	  (0.95,1.08)	   0.96	  (0.90,1.03)	  
Cuban	   	   	   	   	  
U.S.-­‐born	   1.02	  (0.82,1.27)	   1.01	  (0.81,1.26)	   1.02	  (0.82,1.26)	   1.01	  (0.81,1.26)	  
Foreign-­‐born	   0.44	  (0.24,0.81)	   0.44	  (0.24,0.81)	   0.44	  (0.24,0.80)	   0.44	  (0.24,0.81)	  





	   	   	   	   	  
	   Measures	  of	  variation	  or	  clustering	  
	   Model	  1	   Model	  2	   Model	  3	   Model	  4	  
	   	   	  
Neighborhood-­‐level	  variance	  (SE)	   0.0102	  (0.00157)	   0.0110	  (0.00167)	   0.0101	  (0.00156)	   0.0108	  (0.00166)	  
P-­‐value	   <0.0001	   <0.0001	   <0.0001	   <0.0001	  
ICC	   0.0031	   0.0033	   0.0030	   0.0033	  
Proportional	  change	  in	  variance	  	   -­‐	  0.2	   	  0.08	   -­‐	  0.08	   0.07	  
MOR	   1.10	   1.10	   1.10	   1.10	  
	   	   	   	   	  
	  
*	  Association	  in	  Model	  1	  is	  adjusted	  for	  maternal	  age,	  marital	  status	  and	  neighborhood	  socioeconomic	  score.	  	  In	  addition	  to	  the	  covariates	  in	  Model	  1,	  the	  ORs	  are	  additionally	  
adjusted	  for	  maternal	  educational	  attainment	  in	  Model	  2.	  	  Model	  3	  adjusted	  for	  neighborhood	  proportion	  of	  Hispanic	  population	  in	  place	  of	  maternal	  educational	  attainment.	  	  
Model	  4	  adjusted	  for	  all	  the	  covariates	  in	  Model	  2	  including	  both	  maternal	  educational	  attainment	  and	  neighborhood	  proportion	  of	  Hispanic	  population.	  
	  
	  




Table	  4.2a.	  Odds	  Ratios	  (OR)	  *	  and	  measures	  of	  variation	  and	  clustering	  of	  small	  for	  gestational	  age	  (SGA)	  according	  to	  
race/ethnicity,	  by	  maternal	  educational	  attainment.	  	  New	  York	  City:	  2003-­‐2007.	  
	  	  	  
	   Individual-­‐level	  estimates	  (OR,	  95%CI)	  
	   <	  12	  years	   =	  12	  years	   13-­‐15	  years	   16+	  years	  
White	   	  
U.S.-­‐born	   1.00	  
Foreign-­‐born	   1.01	  (0.89,1.15)	   0.96	  (0.89,1.03)	   0.94	  (0.86,1.03)	   1.04	  (0.98,1.10)	  
Black	   	   	   	   	  
U.S.-­‐born	   1.75	  (1.58,1.92)	   1.69	  (1.59,1.81)	   1.57	  (1.28,1.50)	   1.52	  (1.41,1.64)	  
Foreign-­‐born	   1.44	  (1.30,1.60)	   1.39	  (1.30,1.48)	   1.39	  (1.28,1.50)	   1.43	  (1.32,1.54)	  
Puerto	  Rican	   	   	   	   	  
U.S.-­‐born	   1.30	  (1.17,1.44)	   1.23	  (1.14,1.33)	   1.17	  (1.06,1.28)	   1.20	  (1.07,1.35)	  
Foreign-­‐born	   1.17	  (1.03,1.34)	   1.21	  (1.07,1.38)	   1.18	  (1.00,1.38)	   1.18	  (0.94,1.50)	  
Dominican	   	   	   	   	  
U.S.-­‐born	   1.06	  (0.92,1.22)	   1.13	  (1.00,1.28)	   1.13	  (1.00,1.28)	   1.12	  (0.95,1.33)	  
Foreign-­‐born	   0.93	  (0.83,1.03)	   0.94	  (0.87,1.01)	   1.00	  (0.91,1.11)	   1.19	  (1.07,1.33)	  
Mexican	   	   	   	   	  
U.S.-­‐born	   1.27	  (1.02,1.58)	   0.99	  (0.73,1.34)	   1.27	  (0.89,1.81)	   1.16	  (0.80,1.70)	  
Foreign-­‐born	   0.82	  (0.74,0.90)	   0.84	  (0.77,0.91)	   0.93	  (0.76,1.14)	   1.08	  (0.85,1.37)	  
South	  American	   	   	   	   	  
U.S.-­‐born	   0.78	  (0.58,1.04)	   0.90	  (0.71,1.15)	   0.83	  (0.67,1.03)	   0.91	  (0.73,1.13)	  
Foreign-­‐born	   0.72	  (0.64,0.82)	   0.74	  (0.67,0.81)	   0.83	  (0.73,0.94)	   0.96	  (0.85,1.09)	  
Central	  American	   	   	   	   	  
U.S.-­‐born	   1.30	  (0.97,1.75)	   1.29	  (0.98,1.70)	   1.07	  (0.83,1.39)	   1.16	  (0.82,1.64)	  
Foreign-­‐born	   0.90	  (0.79,1.02)	   1.04	  (0.93,1.16)	   1.03	  (0.87,1.22)	   1.13	  (0.91,1.41)	  
Cuban	   	   	   	   	  
U.S.-­‐born	   1.47	  (0.96,2.25)	   1.16	  (0.72,1.85)	   0.84	  (0.54,1.33)	   0.82	  (0.54,1.26)	  
Foreign-­‐born	   0.45	  (0.06,3.34)	   0.25	  (0.06,1.05)	   0.52	  (0.16,1.69)	   0.57	  (0.23,1.40)	  





	   	   	   	   	  
	   Measures	  of	  variation	  or	  clustering	  
	   <	  12	  years	   =	  12	  years	   13-­‐15	  years	   16+	  years	  
	   	   	   	   	  
Neighborhood-­‐level	  variance	  (SE)	   0.0057	  (0.00214)	   0.00587	  (0.002)	   0.00792	  (0.00291)	   0.02042	  (0.00446)	  
P-­‐value	   0.0071	   0.005	   0.0066	   <0.0001	  
ICC	   0.0017	   0.0018	   0.0024	   0.0062	  
MOR	   1.07	   1.07	   1.09	   1.15	  
	   	   	   	   	  
	  






Table	  4.2b.	  Odds	  Ratios	  (OR)	  *	  and	  measures	  of	  variation	  and	  clustering	  of	  small	  for	  gestational	  age	  (SGA)	  according	  to	  
race/ethnicity,	  by	  neighborhood	  proportion	  of	  Hispanic	  population	  (NPHP).	  	  New	  York	  City:	  2003-­‐2007.	  	  	  
	  	  	  
	   Individual-­‐level	  estimates	  (OR,	  95%CI)	  
	   Quartile	  1	   Quartile	  2	   Quartile	  3	   Quartile	  4	  
White	   	  
U.S.-­‐born	   1.00	  
Foreign-­‐born	   1.02	  (0.96,1.08)	   0.97	  (0.91,1.04)	   0.89	  (0.82,0.97)	   1.02	  (0.89,1.18)	  
Black	   	   	   	   	  
U.S.-­‐born	   1.52	  (1.42,1.63)	   1.60	  (1.49,1.72)	   1.64	  (1.52,1.77)	   1.82	  (1.65,2.01)	  
Foreign-­‐born	   1.21	  (1.13,1.30)	   1.41	  (1.31,1.51)	   1.46	  (1.34,1.59)	   1.53	  (1.38,1.70)	  
Puerto	  Rican	   	   	   	   	  
U.S.-­‐born	   1.16	  (1.03,1.30)	   1.15	  (1.05,1.26)	   1.18	  (1.09,1.28)	   1.40	  (1.27,1.54)	  
Foreign-­‐born	   1.21	  (0.93,1.58)	   1.09	  (0.91,1.31)	   1.13	  (0.98,1.32)	   1.30	  (1.15,1.47)	  
Dominican	   	   	   	   	  
U.S.-­‐born	   1.15	  (0.86,1.53)	   1.05	  (0.88,1.25)	   1.09	  (0.95,1.26)	   1.20	  (1.07,1.34)	  
Foreign-­‐born	   1.10	  (0.90,1.35)	   0.98	  (0.86,1.10)	   0.96	  (0.87,1.06)	   1.03	  (0.93,1.13)	  
Mexican	   	   	   	   	  
U.S.-­‐born	   1.09	  (0.73,1.64)	   1.28	  (0.93,1.77)	   1.08	  (0.79,1.48)	   1.31	  (1.05,1.63)	  
Foreign-­‐born	   0.90	  (0.79,1.01)	   0.84	  (0.76,0.94)	   0.83	  (0.76,0.91)	   0.88	  (0.79,0.97)	  
South	  American	   	   	   	   	  
U.S.-­‐born	   0.72	  (0.50,1.02)	   1.11	  (0.89,1.37)	   0.80	  (0.64,0.98)	   0.82	  (0.65,1.05)	  
Foreign-­‐born	   0.89	  (0.75,1.05)	   0.71	  (0.62,0.81)	   0.82	  (0.74,0.90)	   0.79	  (0.70,0.88)	  
Central	  American	   	   	   	   	  
U.S.-­‐born	   1.02	  (0.72,1.46)	   1.08	  (0.80,1.45)	   1.17	  (0.88,1.55)	   1.46	  (1.13,1.88)	  
Foreign-­‐born	   1.04	  (0.88,1.22)	   0.83	  (0.72,0.95)	   0.98	  (0.86,1.12)	   1.09	  (0.96,1.25)	  
Cuban	   	   	   	   	  
U.S.-­‐born	   0.65	  (0.37,1.11)	   1.33(0.89,2.01)	   1.09	  (0.68,1.75)	   1.09	  (0.74,1.61)	  




	   Measures	  of	  variation	  or	  clustering	  
	   Quartile	  1	   Quartile	  2	   Quartile	  3	   Quartile	  4	  
	   	   	   	   	  
Neighborhood-­‐level	  variance	  (SE)	   0.01167	  (0.00357)	   0.01468	  (0.00374)	   0.00918	  (0.00299)	   0.00433	  (0.00175)	  
P-­‐value	   0.0011	   <0.0001	   0.0022	   0.0131	  
ICC	   0.0035	   0.0044	   0.0028	   0.0013	  
MOR	   1.11	   1.12	   1.09	   1.22	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Goals	  of	  Research	  	  
The	  overall	  goal	  of	  this	  research	  project	  was	  to	  investigate	  the	  Hispanic	  health	  paradox	  with	  
relation	  to	  measures	  of	  birthweight	  and	  infant	  size	  in	  singleton	  infants	  born	  to	  women	  residing	  
in	  New	  York	  City	  (NYC)	  aged	  20	  years	  and	  older.	  This	  dissertation	  explored	  variations	  in	  
birthweight,	  LBW	  and	  SGA	  risk	  using	  birth	  records	  for	  years	  2003	  through	  2007	  collected	  by	  the	  
Office	  of	  Vital	  Statistics	  of	  the	  NYCDOHMH.	  	  These	  data	  were	  linked	  to	  2000	  U.S.	  Census	  
geographic	  identifiers,	  allowing	  the	  opportunity	  to	  append	  the	  contextual	  data	  used	  to	  derive	  
variables	  for	  the	  analysis.	  	  	  
	  
The	  first	  aim	  of	  this	  dissertation	  examined	  the	  association	  of	  maternal	  race/ethnicity	  with	  
measures	  of	  birthweight	  and	  infant	  size	  after	  controlling	  for	  selected	  individual-­‐level	  and	  
contextual	  characteristics.	  A	  corollary	  aim	  investigated	  whether	  the	  association	  between	  
race/ethnicity	  and	  measures	  of	  birthweight	  and	  infant	  size	  varied	  by	  maternal	  nativity	  status.	  
For	  this	  aim,	  race/ethnicity	  was	  defined	  as	  non-­‐Hispanic	  black,	  non-­‐Hispanic	  white,	  and	  
Hispanic,	  and	  the	  analysis	  was	  conducted	  using	  the	  measure	  most	  predominant	  in	  the	  literature	  
(LBW),	  as	  well	  as	  birthweight	  measured	  continuously,	  alongside	  a	  more	  precise	  measure	  of	  
infant	  size	  (SGA).	  	  	  
	  
The	  second	  aim	  examined	  the	  association	  between	  race/ethnicity-­‐nativity	  status	  and	  SGA	  using	  
disaggregated	  Hispanic	  subgroups,	  defined	  according	  to	  maternal	  ancestry.	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Building	  upon	  the	  analysis	  conducted	  for	  the	  second	  aim,	  the	  third	  and	  fourth	  aims	  tested	  
effect	  measure	  modification	  of	  the	  relationship	  between	  race/ethnicity-­‐nativity	  status	  and	  SGA	  
by	  maternal	  education	  and	  by	  neighborhood	  proportion	  of	  Hispanic	  population	  (NPHP),	  
respectively.	  	  	  
	  
The	  results	  of	  this	  dissertation	  research,	  as	  well	  as	  a	  description	  of	  its	  limitations	  and	  strengths	  
are	  summarized	  in	  the	  next	  section,	  followed	  by	  recommendations	  for	  directions	  of	  future	  
research	  and	  the	  public	  health	  implications	  of	  these	  research	  findings.	  
	  
Summary	  of	  Results	  	  
Relative	  to	  non-­‐Hispanic	  white	  women,	  non-­‐Hispanic	  black	  women	  experienced	  50%	  greater	  
risk	  (OR:1.50;95%CI:1.45,1.55)	  and	  Hispanic	  women	  comparable	  risk	  (OR:1.03;95%CI:1.00,1.06)	  
of	  having	  an	  SGA	  infant,	  adjusting	  for	  maternal	  age,	  maternal	  educational	  attainment,	  marital	  
status,	  maternal	  nativity	  status	  and	  neighborhood	  socioeconomic	  score,	  respectively.	  	  With	  
regard	  to	  LBW,	  the	  risk	  was	  more	  than	  double	  for	  black	  women	  (OR:2.25;95%CI:2.16,2.35)	  and	  
close	  to	  50%	  greater	  for	  Hispanic	  women	  (OR:1.46;95%CI:1.40,1.53)	  as	  compared	  to	  that	  of	  
their	  white	  counterparts	  in	  a	  fully	  adjusted	  model.	  In	  addition,	  the	  mean	  birthweight	  of	  infants	  
born	  to	  both	  black	  and	  Hispanic	  women	  was	  significantly	  lower	  compared	  to	  those	  born	  to	  
white	  women.	  	  Furthermore,	  the	  relationship	  between	  race/ethnicity	  and	  all	  three	  measures	  of	  
birthweight	  and	  infant	  size	  varied	  by	  maternal	  nativity	  status	  (p<0.0001),	  with	  infants	  of	  
foreign-­‐born	  women	  experiencing	  more	  favorable	  outcomes	  relative	  to	  their	  U.S.-­‐born	  
counterparts.	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In	  the	  analyses	  disaggregated	  by	  Hispanic	  subgroup	  and	  focusing	  solely	  on	  SGA,	  the	  odds	  of	  an	  
SGA	  birth	  were	  greater	  among	  black	  and	  Puerto	  Rican	  women	  (OR:1.52;95%CI:1.47,1.57	  and	  
OR:1.17;95%CI:1.13,1.22,	  respectively)	  and	  lower	  among	  Mexican	  and	  South	  American	  women,	  
(OR:0.91;95%CI:0.87,0.95	  and	  OR:0.85;95%CI:0.80,0.89)	  as	  compared	  to	  white	  women,	  
adjusting	  for	  maternal	  age,	  maternal	  educational	  attainment,	  marital	  status,	  maternal	  nativity	  
status	  and	  neighborhood	  socioeconomic	  score.	  	  The	  odds	  of	  SGA	  for	  infants	  born	  to	  
Dominicans,	  Central	  Americans	  and	  Cubans	  in	  the	  fully	  adjusted	  model	  were	  similar	  to	  those	  
born	  to	  whites.	  	  In	  addition,	  SGA	  varied	  by	  maternal	  nativity	  status	  (p<0.0001),	  with	  more	  
favorable	  SGA	  odds	  observed	  among	  infants	  of	  foreign-­‐born	  women,	  as	  compared	  to	  U.S.-­‐born	  
whites.	  	  The	  exceptions	  to	  this	  were	  Puerto	  Ricans,	  for	  whom	  the	  risk	  was	  greater	  among	  
foreign-­‐born	  women,	  and	  South	  Americans,	  for	  whom	  the	  risk	  was	  equal	  across	  nativity	  strata.	  	  	  
	  
The	  association	  of	  race/ethnicity-­‐nativity	  with	  SGA	  varied	  by	  maternal	  educational	  attainment	  
and	  by	  NPHP	  (p<0.0001),	  after	  controlling	  for	  individual-­‐level	  and	  contextual	  factors.	  	  Effect	  
measure	  modification	  by	  education	  was	  present	  among	  several	  race/ethnic-­‐nativity	  subgroups,	  
but	  the	  influence	  varied	  by	  subgroup.	  	  The	  odds	  of	  bearing	  an	  SGA	  infant	  for	  U.S.-­‐born	  black	  
women	  relative	  to	  US-­‐born	  white	  women	  became	  attenuated	  with	  higher	  levels	  of	  education,	  
but	  varied	  very	  little	  among	  their	  foreign-­‐born	  counterparts.	  U.S.-­‐born	  Puerto	  Rican	  women	  
followed	  the	  same	  pattern	  as	  black	  women	  with	  the	  exception	  of	  an	  increase	  in	  odds	  for	  those	  
who	  possessed	  at	  least	  a	  college	  degree.	  	  As	  compared	  to	  USB	  whites,	  increased	  odds	  were	  
observed	  among	  foreign-­‐born	  Dominicans	  with	  at	  least	  a	  college	  education	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(OR:1.19;95%CI:1.07,1.33)	  and	  U.S.-­‐born	  Mexicans	  that	  did	  not	  complete	  high	  school	  
(OR:1.27;95%CI:1.02,1.58).	  	  Foreign	  nativity	  conferred	  protection	  against	  SGA	  risk	  among	  
Mexicans	  not	  having	  completed	  high	  school	  or	  with	  a	  high	  school	  degree	  
(OR:0.82;95%CI:0.74,0.90	  and	  OR:0.84;95%CI:0.77,0.91,	  respectively)	  and	  among	  foreign-­‐born	  
South	  Americans	  in	  the	  three	  lowest	  educational	  categories	  (OR:0.72;95%CI:0.64,0.82,	  
OR:0.74;95%CI:0.67,0.81	  and	  OR:0.83;95%CI:0.73,0.94),	  as	  compared	  to	  USB	  whites.	  
	  
Similarly,	  the	  variation	  of	  SGA	  risk	  by	  NPHP	  (p<0.0001)	  differed	  across	  subgroups.	  	  The	  odds	  of	  
an	  SGA	  infant	  among	  black	  women,	  independent	  of	  nativity	  status,	  as	  well	  as	  those	  of	  U.S.-­‐born	  
Puerto	  Rican	  women	  increased	  with	  rising	  NPHP.	  	  However,	  other	  groups	  exhibited	  SGA	  odds	  
that	  were	  statistically	  significantly	  greater	  than	  those	  of	  USB	  whites	  only	  at	  the	  highest	  quartile	  
of	  NPHP:	  foreign-­‐born	  Puerto	  Rican	  as	  well	  as	  U.S.-­‐born	  Dominican	  and	  Mexican	  and	  Central	  
American	  women	  (OR:1.30;95%CI:1.15,1.47,	  OR:1.20;95%CI:1.07,1.34	  OR:1.31;95%CI:1.05,1.63,	  
and	  OR:1.46;95%CI:1.13,1.88,	  respectively).	  	  In	  contrast,	  the	  odds	  for	  foreign-­‐born	  Mexicans	  
and	  both	  U.S.-­‐	  and	  foreign-­‐born	  South	  Americans	  in	  the	  upper	  quartiles	  were	  statistically	  
significantly	  lower	  compared	  to	  USB	  whites,	  respectively.	  	  	  
	  
Across	  all	  of	  the	  analyses,	  measures	  of	  neighborhood-­‐level	  variation	  indicated	  that	  the	  
clustering	  of	  women	  in	  their	  neighborhoods	  of	  residence,	  while	  statistically	  significant,	  
contributed	  only	  minimally	  to	  the	  overall	  observed	  variance	  in	  SGA,	  LBW	  and	  birthweight.	  	  
Overall,	  maternal	  race/ethnicity	  was	  the	  predictor	  exerting	  the	  greatest	  influence	  on	  infants’	  
risk	  of	  SGA,	  LBW	  and	  low	  mean	  birthweight.	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In	  summary,	  this	  research	  confirmed	  the	  Hispanic	  paradox	  in	  SGA	  analyses	  for	  Hispanics	  overall	  
and	  for	  both	  U.S.-­‐born	  and	  foreign-­‐born	  Hispanics,	  but	  not	  in	  analyses	  with	  LBW	  or	  with	  mean	  
birthweight.	  	  These	  discrepant	  findings	  may	  be	  due	  to	  the	  distinct	  concepts	  captured	  by	  each	  
measure	  of	  birthweight	  and	  infant	  size	  as	  well	  as	  to	  the	  particular	  composition	  of	  NYC’s	  
Hispanic	  population,	  where	  Puerto	  Ricans	  are	  highly	  represented.	  	  The	  paradox	  with	  SGA	  was	  
also	  apparent	  across	  most	  Hispanic	  race/ethnicity-­‐nativity	  subgroups,	  with	  the	  notable	  
exception	  of	  U.S.–born	  Puerto	  Ricans	  who	  consistently	  exhibited	  elevated	  risk	  of	  SGA	  relative	  to	  
whites.	  	  The	  observed	  advantage	  of	  foreign	  birth	  was	  stronger	  among	  less	  educated	  women	  of	  
all	  Hispanic	  subgroups	  other	  than	  Puerto	  Ricans	  and	  Cubans.	  	  NPHP	  did	  not	  appear	  to	  influence	  
the	  association	  between	  race/ethnicity-­‐nativity	  and	  SGA	  in	  a	  consistent	  pattern,	  except	  among	  
black	  women	  and	  US-­‐born	  Puerto	  Rican	  women	  for	  whom	  greater	  NPHP	  was	  associated	  with	  a	  
higher	  risk	  of	  SGA.	  
	  
Limitations	  	  
The	  dataset	  used	  for	  this	  dissertation	  research	  has	  certain	  shortcomings.	  	  While	  data	  on	  
country	  of	  origin	  and	  nativity	  status	  are	  key	  in	  exploring	  variations	  of	  risk,	  the	  absence	  of	  
related	  issues	  such	  as	  acculturation	  measures	  or	  information	  on	  length	  of	  stay	  in	  the	  U.S	  in	  the	  
NYCDOHMH	  dataset	  should	  be	  noted	  as	  an	  important	  limitation	  of	  this	  study.	  	  This	  lack	  of	  
information	  can	  lead	  to	  considerable	  heterogeneity	  within	  the	  foreign-­‐born	  group	  as	  both	  
recent	  arrivals	  and	  well-­‐established	  immigrants	  are	  classified	  together,	  although	  their	  
experience	  in	  the	  U.S.	  and	  cultural	  profile	  may	  differ	  substantially.	  	  This	  could	  lead	  to	  an	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underestimation	  of	  SGA	  risk	  among	  Hispanic	  subgroups	  that	  have	  a	  greater	  proportion	  of	  births	  
among	  newly	  arrived	  women,	  which	  would	  not	  necessarily	  account	  for	  the	  experience	  of	  
foreign-­‐born	  women	  who	  have	  resided	  in	  the	  U.S.	  for	  a	  substantial	  period	  of	  their	  lives.	  	  
	  
Furthermore,	  while	  the	  NYCDOHMH	  dataset	  contains	  extensive	  and	  very	  detailed	  data	  on	  
pregnancy	  and	  birth	  characteristics,	  it	  does	  not	  include	  information	  on	  cultural	  practices,	  such	  
as	  dietary	  habits,	  or	  on	  social	  support	  that	  are	  thought	  to	  be	  important	  determinants	  of	  birth	  
outcomes,	  especially	  among	  Hispanic	  women.	  	  Measures	  of	  alcohol	  and	  tobacco	  use	  during	  
pregnancy	  are	  included	  in	  this	  study,	  but	  are	  based	  on	  mothers'	  self-­‐report,	  which	  past	  research	  
suggests	  is	  prone	  to	  underreporting1.	  	  In	  addition,	  many	  salubrious	  behaviors	  are	  more	  
prevalent	  among	  less	  acculturated	  individuals2-­‐4,	  usually	  overrepresented	  in	  recently	  migrated	  
populations.	  	  In	  the	  absence	  of	  data	  on	  behaviors	  and	  measures	  of	  length	  of	  stay,	  there	  is	  the	  
possibility	  of	  underestimating	  the	  risk	  of	  adverse	  birth	  outcomes	  among	  subgroups	  that	  include	  
more	  recently	  arrived	  women.	  	  	  
	  
As	  discussed	  in	  detail	  in	  Chapter	  3,	  the	  coding	  of	  race	  and	  ethnicity	  is	  a	  considerable	  weakness	  
of	  the	  NYCDOHMH	  data	  in	  light	  of	  evidence	  suggesting	  that	  racial/ethnic	  discrimination	  may	  
influence	  disparities	  in	  birth	  outcomes5-­‐8,	  and	  given	  the	  heterogeneity	  of	  admixtures	  and	  of	  SGA	  
risk	  across	  the	  Hispanic	  population.	  	  In	  brief,	  the	  race	  classification	  used	  by	  the	  NYCDOHMH	  is	  
deeply	  flawed	  due	  to	  its	  poor	  agreement	  with	  self-­‐perceived	  race	  and	  therefore	  cannot	  support	  
closer	  examination	  of	  the	  role	  of	  race	  among	  Hispanics.	  	  Moreover,	  data	  on	  discrimination	  is	  
not	  routinely	  collected	  as	  part	  of	  vital	  records,	  and	  the	  dearth	  of	  this	  or	  any	  measure	  that	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specifically	  address	  differences	  in	  social	  experiences	  across	  race/ethnic	  groups	  is	  an	  obstacle	  to	  
exploring	  the	  relationship	  between	  discrimination	  and	  poor	  birth	  outcomes	  in	  this	  population	  
of	  Hispanics	  living	  in	  NYC	  that	  has	  been	  well-­‐documented	  among	  African-­‐Americans9,10.	  
	  
In	  addition	  to	  shortcomings	  related	  to	  measures	  of	  race/ethnicity	  and	  nativity,	  there	  are	  
potential	  limitations	  in	  this	  study	  involving	  other	  predictors	  of	  interest.	  	  Comparing	  self-­‐
reported	  educational	  attainment	  among	  U.S.-­‐born	  and	  foreign-­‐born	  women	  may	  raise	  
challenges	  to	  construct	  validity,	  given	  the	  differences	  in	  educational	  systems	  across	  countries	  
and	  disparities	  between	  geographic	  regions	  within	  countries.	  	  There	  may	  also	  be	  some	  variation	  
in	  the	  social	  meaning	  of	  education	  and	  completion	  of	  secondary	  studies	  across	  different	  
contexts.	  	  Furthermore,	  the	  possibility	  of	  defining	  neighborhood	  ethnic	  composition	  by	  
disaggregated	  Hispanic	  subgroups	  (i.e.	  Puerto	  Rican,	  Dominican,	  Mexican)	  was	  constrained	  by	  
the	  spatial	  concentration	  of	  Hispanic	  subgroups	  within	  a	  few	  areas	  across	  New	  York	  City.	  	  As	  a	  




Despite	  its	  shortcomings,	  this	  dissertation	  research	  has	  a	  number	  of	  strengths.	  	  The	  analyses	  
were	  conducted	  using	  a	  large,	  highly	  racially/ethnically	  diverse	  population	  of	  women	  and	  their	  
infants	  residing	  in	  one	  of	  the	  five	  NYC	  boroughs.	  	  The	  geographic	  focus	  of	  the	  study	  design	  
accounted	  for	  their	  shared	  environment	  and	  thus	  eliminated	  concerns	  about	  uncontrolled	  
confounding	  that	  could	  have	  occurred	  in	  past	  studies	  using	  national	  samples	  and	  comparing	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infants	  from	  different	  cities	  and	  regions.	  	  This	  study	  is	  of	  particular	  import	  in	  addressing	  the	  
methodological	  inconsistency	  and	  variation	  of	  findings	  produced	  by	  past	  NYC-­‐based	  studies	  of	  
measures	  of	  birthweight	  and	  infant	  size11-­‐13.	  
	  
Another	  improvement	  over	  past	  approaches	  is	  the	  use	  of	  SGA	  as	  the	  main	  outcome	  of	  interest,	  
given	  the	  methodological	  limitations	  of	  LBW14,	  conventionally	  used	  to	  measure	  low	  
birthweight.	  	  SGA	  accounts	  for	  sex	  and	  gestational	  age,	  therefore	  allowing	  for	  the	  important	  
etiologic	  distinction	  between	  infants	  who	  are	  small	  because	  they	  are	  preterm	  and	  those	  who	  
are	  small	  due	  to	  IUGR.	  	  In	  this	  manner,	  focusing	  on	  SGA	  yields	  more	  precise	  estimates	  that	  
ultimately	  improve	  the	  potential	  for	  causal	  inference.	  	  With	  the	  purpose	  of	  ensuring	  
comparability	  of	  findings	  with	  the	  extant	  literature,	  the	  analysis	  for	  aims	  1a	  and	  1b	  was	  also	  
conducted	  with	  LBW	  as	  an	  outcome	  of	  interest,	  which	  yielded	  similar	  findings.	  	  	  
	  
In	  addition	  to	  the	  beneficial	  features	  of	  study	  design	  and	  outcome	  measures,	  this	  research	  
relied	  on	  high	  quality	  data.	  	  Individual-­‐level	  information	  on	  mothers	  and	  infants	  was	  obtained	  
by	  the	  Office	  of	  Vital	  Statistics	  of	  the	  NYCDOHMH	  and	  included	  virtually	  all	  births	  in	  NYC	  during	  
the	  five	  year	  study	  period	  given	  that	  >99%	  of	  births	  in	  NYC	  occur	  in	  hospitals,	  where	  the	  birth	  
data	  is	  recorded15.	  	  Contextual	  data	  was	  obtained	  from	  the	  2000	  U.S.	  Census	  and	  analyzed	  by	  
United	  Hospital	  Fund	  (UHF)	  neighborhoods.	  	  These	  areas	  have	  political,	  economic,	  and	  social	  
relevance	  because	  they	  approximate	  NYC	  Community	  Planning	  Districts,	  which	  were	  
established	  in	  1975	  to	  facilitate	  service	  delivery,	  land	  use	  planning,	  and	  accountability	  of	  city	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services16,17.	  	  The	  NYC	  Department	  of	  Health	  and	  Mental	  Hygiene	  (DOHMH)	  uses	  UHF	  
neighborhoods	  for	  planning	  and	  health	  intervention	  purposes18.	  	  
	  
A	  major	  strength	  of	  this	  study	  is	  the	  disaggregation	  of	  Hispanics	  into	  subgroups.	  	  The	  large	  
number	  of	  records	  (N=460,881)	  provided	  the	  statistical	  power	  needed	  to	  conduct	  analyses	  
using	  groups	  disaggregated	  by	  country	  of	  origin	  and	  nativity	  status.	  Although	  this	  approach	  has	  
been	  utilized	  in	  past	  research	  to	  varying	  degrees11-­‐13,19-­‐22,	  certain	  aspects	  of	  this	  study	  are	  
unprecedented.	  This	  study	  is	  the	  first	  to	  include	  Dominicans,	  evaluate	  Central	  Americans	  and	  
South	  Americans	  separately,	  and	  assess	  whether	  the	  association	  between	  race/ethnicity	  and	  
SGA	  is	  modified	  by	  maternal	  nativity	  status.	  	  The	  inclusion	  of	  Dominicans	  is	  particularly	  salient	  
given	  the	  dearth	  of	  data	  on	  this	  group	  despite	  their	  growing	  population	  in	  large	  urban	  areas	  
such	  as	  NYC.	  	  The	  evaluation	  of	  Central	  Americans	  and	  South	  Americans	  independently	  of	  one	  
another	  is	  also	  notable	  because	  it	  addresses	  some	  of	  the	  geographic	  and	  cultural	  heterogeneity	  
in	  the	  region	  not	  accounted	  for	  in	  past	  studies.	  	  	  
	  
Furthermore,	  a	  novel	  feature	  of	  this	  study	  is	  the	  control	  of	  contextual	  variability	  in	  SGA,	  which	  
has	  not	  been	  examined	  in	  prior	  research	  focusing	  on	  the	  population	  of	  NYC11-­‐13.	  	  While	  
neighborhood	  of	  residence	  per	  se	  did	  not	  exert	  major	  influence,	  the	  use	  of	  mixed	  models	  
generated	  odds	  ratio	  estimates	  accounting	  for	  variability	  across	  New	  York	  for	  more	  numerous	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There	  is	  an	  overall	  need	  for	  research	  focusing	  on	  SGA	  as	  an	  outcome	  of	  interest,	  given	  its	  
scarcity	  in	  the	  literature	  in	  spite	  of	  the	  fact	  that	  it	  a	  more	  precise	  measurement	  than	  LBW.	  	  
Further	  exploration	  of	  the	  Hispanic	  birthweight	  paradox	  using	  SGA	  would	  provide	  the	  
opportunity	  to	  compare	  findings	  across	  studies,	  a	  task	  which	  has	  proved	  challenging	  in	  the	  past	  
due	  to	  inconsistencies	  in	  outcome	  measures.	  
	  
Having	  established	  that	  there	  is	  variation	  of	  risk	  across	  Hispanic	  subgroups,	  additional	  research	  
should	  examine	  the	  mechanisms	  contributing	  to	  the	  observed	  advantage	  in	  some	  birth	  
outcomes	  among	  certain	  subgroups.	  	  In	  particular,	  it	  is	  imperative	  to	  better	  understand	  the	  
different	  factors	  that	  may	  mitigate	  the	  socioeconomic	  disadvantage	  faced	  by	  the	  highly	  diverse	  
Hispanic	  population	  in	  the	  United	  States.	  	  Accordingly,	  future	  studies	  should	  explore	  the	  
resilience	  of	  Hispanic	  subgroups	  in	  the	  face	  of	  adverse	  economic	  circumstances,	  including	  
factors	  that	  may	  contribute	  to	  said	  resilience,	  such	  as	  social	  support	  networks	  and	  relationships	  
that	  may	  lessen	  stress.	  	  Recent	  research	  has	  highlighted	  the	  complexity	  of	  the	  social	  dynamics	  
which	  may	  underlie	  health	  outcomes	  among	  Hispanics23,	  making	  evident	  the	  need	  for	  further	  
investigation	  of	  social	  context	  with	  mixed	  methods	  approaches.	  
	  
Findings	  that	  the	  foreign	  birth	  advantage	  was	  strongest	  among	  women	  with	  the	  least	  education	  
suggest	  that	  these	  women	  experience	  particular	  protection	  from	  stressors,	  such	  as	  
discrimination,	  possibly	  because	  their	  sphere	  of	  activity	  may	  be	  limited	  to	  within	  their	  subgroup	  
or	  among	  other	  Hispanics.	  	  This	  underscores	  the	  importance	  of	  examining	  not	  only	  nativity	  
status	  but	  also	  the	  influence	  of	  acculturation	  and	  length	  of	  stay	  in	  the	  U.S.	  on	  the	  risk	  of	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adverse	  birth	  outcomes	  among	  Hispanics.	  	  Studies	  suggesting	  that	  the	  adverse	  effect	  of	  
acculturation	  on	  preterm	  birth	  and	  LBW	  may	  be	  mediated	  by	  maternal	  cortisol24	  are	  strong	  
motivation	  for	  research	  with	  SGA.	  	  The	  relationship	  between	  SGA	  and	  length	  of	  stay	  also	  merits	  
exploration.	  	  Much	  of	  the	  rationale	  explaining	  the	  health	  advantages	  among	  immigrants	  has	  
centered	  on	  the	  protective	  effect	  that	  is	  presumably	  conferred	  by	  foreign	  birth,	  and	  
hypothesized	  to	  decline	  gradually.	  	  However,	  evidence	  suggesting	  that	  the	  relationship	  
between	  immigrants’	  length	  of	  stay	  in	  the	  U.S.	  and	  their	  risk	  of	  adverse	  birth	  outcomes	  is	  not	  
monotonic	  over	  time25	  calls	  for	  further	  work	  to	  elucidate	  this	  association.	  	  In	  addition,	  the	  role	  
of	  individuals’	  immigration	  circumstances	  and	  of	  their	  levels	  of	  motivation	  in	  determining	  
perinatal	  health	  may	  warrant	  further	  examination.	  
	  
Attention	  to	  contextual	  factors	  was	  an	  important	  feature	  of	  this	  dissertation	  research	  and	  
should	  continue	  to	  be	  an	  integral	  part	  of	  future	  studies.	  	  To	  my	  knowledge,	  this	  is	  the	  first	  study	  
to	  examine	  the	  influence	  of	  neighborhood	  composition	  on	  SGA.	  	  Additional	  investigations	  with	  
SGA	  may	  explore	  alternative	  measures	  of	  neighborhood	  ethnic	  composition	  or	  density.	  	  
Specifically,	  more	  research	  focused	  on	  SGA	  is	  needed	  to	  expand	  upon	  the	  present	  dissertation	  
work	  as	  well	  as	  upon	  existing	  research	  examining	  the	  influence	  of	  Hispanic	  ethnic	  density	  on	  
the	  birth	  outcomes	  of	  non-­‐Hispanic	  residents26,27.	  
	  
Public	  Health	  Implications	  
The	  findings	  of	  this	  dissertation	  research	  further	  our	  understanding	  of	  the	  Hispanic	  paradox	  and	  
of	  the	  social	  determinants	  of	  birthweight	  and	  infant	  size	  in	  several	  ways.	  	  This	  is	  the	  first	  study	  
	  
	   155	  
to	  examine	  the	  association	  of	  Hispanic	  ethnicity	  with	  different	  measures	  of	  birthweight	  and	  
infant	  size	  in	  a	  large	  (>460,000)	  population	  from	  a	  single	  geographic	  location,	  while	  addressing	  
variation	  by	  maternal	  nativity	  using	  both	  SGA	  and	  LBW	  as	  outcome	  measures,	  and	  examining	  
effect	  measure	  modification	  by	  maternal	  education	  and	  by	  neighborhood	  composition.	  	  
	  
An	  important	  public	  health	  contribution	  of	  this	  study	  is	  the	  examination	  of	  Hispanic	  subgroups	  
by	  nativity	  status.	  	  The	  findings	  benefit	  populations	  such	  as	  Dominicans,	  Central	  Americans	  and	  
South	  Americans	  who	  have	  received	  little	  or	  no	  attention	  in	  the	  research	  literature	  because	  
most	  analyses	  adopt	  an	  aggregated	  approach	  to	  Hispanics.	  The	  findings	  on	  Mexicans	  are	  also	  
novel.	  Though	  widely	  studied	  throughout	  the	  Midwest,	  west	  and	  southwestern	  regions	  of	  the	  
U.S.,	  Mexicans	  are	  a	  relatively	  new	  but	  rapidly	  growing	  presence	  in	  the	  northeast,	  and	  scarcely	  
studied	  from	  a	  public	  health	  perspective.	  Furthermore,	  the	  approach	  of	  this	  research	  
underscores	  the	  importance	  of	  accounting	  for	  nativity	  status	  within	  subgroups.	  
	  
The	  variations	  evidenced	  by	  the	  disaggregated	  analyses	  in	  this	  research	  have	  major	  implications	  
beyond	  the	  Hispanic	  population.	  	  Closer	  attention	  to	  country	  of	  ancestry	  and	  place	  of	  birth	  may	  
also	  help	  to	  illuminate	  variations	  in	  risk	  of	  adverse	  birth	  outcomes	  among	  other	  race/ethnic	  
groups	  such	  as	  Asians	  and	  non-­‐Hispanic	  blacks,	  which	  are	  typically	  studied	  as	  homogeneous	  
groups.	  	  	  
	  	  
The	  dissertation	  findings	  also	  have	  important	  ramifications	  given	  the	  prominence	  and	  projected	  
size	  of	  the	  Hispanic	  population	  in	  the	  U.S.	  	  Between	  2000	  and	  2010	  Hispanics	  accounted	  for	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over	  one-­‐half	  of	  U.S.	  population	  growth,	  increasing	  43.3%	  in	  contrast	  to	  non-­‐Hispanics,	  which	  
grew	  about	  5%28.	  	  Hispanics	  numbered	  50.5	  million	  in	  201028	  and	  U.S.	  Census	  estimates	  suggest	  
that	  this	  number	  will	  triple	  by	  2050,	  at	  which	  point	  they	  will	  constitute	  24%	  of	  the	  U.S.	  
population29.	  	  
	  
Findings	  from	  this	  research	  call	  attention	  to	  the	  elevated	  risk	  of	  LBW	  and	  SGA	  among	  certain	  
Hispanic	  subgroups	  that	  do	  not	  exhibit	  the	  “paradox”,	  such	  as	  Puerto	  Ricans.	  	  From	  a	  practical	  
public	  health	  perspective,	  this	  suggests	  the	  need	  to	  channel	  resources	  into	  primary	  care	  and	  
prenatal	  efforts	  that	  will	  counter	  elevated	  risk	  among	  said	  populations.	  	  Conversely,	  the	  lower	  
risk	  experienced	  by	  certain	  groups,	  such	  as	  South	  Americans,	  does	  not	  inform	  clinical	  practice	  
but	  rather	  signals	  an	  important	  phenomenon	  in	  infant	  health	  that	  requires	  more	  research	  in	  
order	  to	  be	  well	  understood.	  	  Greater	  understanding	  of	  the	  salubrious	  circumstances	  that	  lower	  
the	  risk	  of	  adverse	  birth	  outcomes	  has	  major	  public	  health	  benefits	  for	  a	  wide-­‐ranging	  
population	  of	  mothers,	  Hispanic	  and	  non-­‐Hispanic,	  and	  their	  infants.	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  white.	   47	  669	  
Birthweight	  (continuous)	  and	  
low	  birthweight	  (<2500	  g.)	  	  
Frisbie	  and	  
Song,	  2003	  
National	  Center	  for	  Health	  Statistics	  
1995-­‐1997	  Linked	  Birth/Infant	  Death	  
records	  (national	  sample).	  Excluded:	  
birth	  weight	  <500	  g.	  
Mexican	  American,	  Puerto	  Rican,	  
Cuban,	  Central/South	  American,	  Other	  
Hispanic.	  	  
Ref.:	  Non-­‐Hispanic	  white.	  
>	  9	  	  









Rosenberg	  et	  al.,	  
2005	  	  
1996-­‐1997	  NYCDOHMH	  birth	  data.	  	  
Excluded:	  multiple	  births.	  
Mexican,	  Dominican,	  Puerto	  Rican,	  
Colombian,	  Ecuadorian,	  Other	  
Hispanics.	  	  Conducted	  stratified	  
analysis	  by	  nativity	  status.	  	  
Ref.:	  Ecuadorian.	  
78	  364	   Low	  birthweight	  (<2500	  g.)	  
Acevedo	  Garcia	  
et	  al.,	  2007	  
2002	  U.S.	  Natality	  Detail	  Dataset	  
(national	  sample).	  	  Excluded:	  maternal	  
age	  <20,	  multiple	  births.	  
Mexican,	  Puerto	  Rican,	  Cuban,	  
Central/South	  American.	  	  Further	  
disaggregation	  by	  nativity	  status.	  	  	  
Ref.:	  U.S.-­‐born	  within	  each	  Hispanic	  
subgroup.	  
634	  797	   Low	  birthweight	  (<2500	  g.)	  
Reichman	  et	  al.,	  
2008	  
Fragile	  Families	  and	  Child	  Wellbeing	  
study,	  1998-­‐2000	  (national	  sample).	  
U.S.-­‐born	  Mexican	  origin,	  foreign-­‐born	  
Mexican	  origin.	  	  	  
Ref.:	  Non-­‐Hispanic	  white.	  
2	  714	   Low	  birthweight	  (<2500	  g.)	  
Stein	  et	  al.,	  	  
2009	  
1995-­‐2003	  NYCDOHMH	  birth	  data.	  
Excluded:	  multiple	  births,	  births	  <37	  
weeks	  gestation.	  
Mexican,	  Puerto	  Rican,	  Cuban,	  
Dominican,	  Salvadorian,	  Honduran,	  
Other	  Central	  American,	  Colombian,	  
Ecuadorian,	  Other	  South	  American,	  
Other	  Hispanic.	  	  
Ref.:	  Non-­‐Hispanic	  whites	  	  	  
949	  210	   Term	  SGA	  and	  term	  birthweight	  (continuous)	  
Dyer	  et	  al,	  
2010	  
Pregnancy	  Risk	  Assessment	  Monitoring	  
Survey	  (UT),	  2000-­‐2003.	  	  Excluded:	  
multiple	  births.	  
Hispanic	  Mexican-­‐born,	  Hispanic	  U.S.-­‐
born,	  Hispanic	  foreign-­‐born	  
(elsewhere	  than	  Mexico).	  Chi-­‐square	  
used	  for	  analysis,	  thus	  no	  ref.	  




Excerpt,	  Confidential	  Medical	  Report	  
Summary	  of	  Vital	  Statistics,	  2006	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APPENDIX	  4	  
List	  of	  congenital	  anomalies	  classified	  in	  2003-­‐2007	  NYC	  Birth	  Certificate	  data	  




Neural	  Tube	  Defects	  
Hydrocephalus	  
Microcephalus	  






Other	  GI	  Anomalies	  
Malformed	  Genitalia	  
Renal	  Anomalies	  









Single	  Umbilical	  Artery	  
Hydronephrosis	  
Limb	  Reduction	  
Congenital	  Rubella	  Syndrome	  
Other	  Congenital	  Anomalies	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APPENDIX	  5	  	  






































All	  NYCDOHMH	  births,	  2003-­‐2007	  
N=625,636	  
Excluded	  records	  (N=9,844)	  
• Infants	  with	  congenital	  birth	  
anomalies	  	  
	  
• Infants	  with	  missing	  data	  on:	  
o Birthweight	  	  
o Nativity	  status	  	  
o Maternal	  educational	  
attainment	  	  
o UHF	  neighborhood	  
Excluded	  records	  (N=154,911)	  
• Non-­‐singleton	  births	  
• Stillbirths	  
• Maternal	  race/ethnicity	  not	  black,	  
Hispanic	  or	  white	  	  
• Maternal	  age	  <15	  or	  >45	  
• Maternal	  residence	  outside	  the	  
five	  NYC	  boroughs	  
N=470,725	  
Records	  included	  in	  the	  LBW	  analysis	  
N=460,881	  
Records	  included	  in	  the	  SGA	  analysis	  
N=460,683	  
Excluded	  records	  (N=198)	  
• Missing	  data	  on	  gestational	  age	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APPENDIX	  6	  
Characteristics	  of	  included/excluded	  records	  due	  to	  missing	  data	  (N=470,725)	  
	  
Population	  characteristics	   Included	  observations	  (n=460,881)	  
Excluded	  observations	  	  
(n=9,844)	  
SGA	  (%)	   12.1	   15.4	  
LBW	  (%)	   6.7	   10.8	  
Race/ethnicity	   	   	  
Hispanic	  (%)	   31.6	   30.8	  
Black	  (%)	   28.4	   37.5	  
White	  (%)	   40.0	   31.6	  
Maternal	  age	  /	  mean	  (SE)	   28.2	  (6.3)	   28.8	  (6.6)	  
Maternal	  education	  	   	   	  
Less	  than	  high	  school	  (%)	   23.7	   19.4	  
Completed	  high	  school	  (%)	   31.8	   34.7	  
Some	  college	  (%)	   19.9	   15.2	  
Completed	  college	  (%)	   24.6	   30.6	  
Foreign-­‐born	  (%)	   49.8	   57.4	  
Married	  (%)	   49.5	   43.2	  
Receives	  public	  assistance	  (%)	   52.7	   57.5	  
Has	  health	  insurance	  coverage	  (%)	   97.9	   96.6	  
Alcohol	  use	  in	  pregnancy	  (%)	   0.2	   0.4	  
Tobacco	  use	  in	  pregnancy	  (%)	   1.9	   2.4	  	  a	  
Maternal	  weight	  gain	  ≤40	  lbs.	  (%)	   80.7	   76.5	  	  	  
Adequate	  prenatal	  care	  (%)	   96.0	   94.1	  
Gestational	  age	  /	  mean	  (SE)	   38.8	  (2.0)	   38.5	  (2.4)	  
Primiparous	  (%)	   44.7	   45.0	  
Male	  infant	  (%)	   51.0	   53.4	  
Apgar	  score	  at	  five	  minutes	  /	  mean	  (SE)	   9.0	  (0.4)	   8.9	  (0.75)	  
Anemia	  (%)	   1.8	   1.7	  	  b	  
Preeclampsia	  and/or	  eclampsia	  (%)	   2.5	   2.7	  	  b	  
Gestational	  and/or	  chronic	  diabetes	  (%)	   3.9	   4.4	  
Placental	  abruption	  (%)	   0.6	   0.9	  	  
Placenta	  previa	  (%)	   0.4	   0.5	  	  b	  
Neighborhood	  SE	  score	   	   	  
Lowest/least	  advantaged	  (%)	   26.5	   25.9	  
Highest/most	  advantaged	  (%)	   18.0	   12.2	  
	   	   	  
All	  chi-­‐square	  or	  t-­‐tests	  were	  statistically	  significant	  at	  the	  P	  <	  0.0001	  level	  unless	  otherwise	  noted.	  	  	  






Additional	  individual	  and	  neighborhood	  characteristics	  according	  to	  race/ethnicity,	  New	  York	  City:	  2003-­‐2007.a	  	  	  	  





















a	  All	  chi-­‐square	  or	  t-­‐tests	  were	  significant	  at	  the	  P	  <	  0.0001	  level.	  




American	   Cuban	  
Other	  
Hispanic	   Black	   White	   Total	  
Pregnancy/birth	  characteristics	   	   	   	   	   	   	   	   	   	  
Adequate	  prenatal	  care	  (%)	   96.1	   96.4	   96.1	   96.0	   95.6	   98.1	   96.2	   93.4	   98.2	   96.0	  
Maternal	  anemia	  (%)	   2.2	   1.7	   2.0	   1.2	   1.6	   1.2	   1.5	   2.8	   0.8	   1.8	  
Chronic	  and/or	  gestational	  
diabetes	  (%)	   3.8	   4.2	   6.1	   3.4	   4.6	   2.3	   4.0	   4.4	   2.7	   3.9	  
Preeclampsia	  and/or	  
eclampsia	  (%)	   2.3	   2.7	   3.5	   2.2	   2.6	   2.8	   2.9	   3.5	   1.3	   2.5	  
Placental	  abruption	  (%)	   0.6	   0.6	   0.5	   0.5	   0.5	   0.7	   0.5	   0.8	   0.5	   0.6	  
Placenta	  previa	  (%)	   0.4	   0.4	   0.3	   0.6	   0.3	   0.6	   0.2	   0.4	   0.4	   0.4	  
Mean	  Apgar	  score	  at	  five	  
minutes	  (SD)	   9.0	  (0.5)	   9.0	  (0.5)	   9.0	  (0.4)	   9.0	  (0.4)	   9.0	  (0.5)	   9.0	  (0.5)	   9.0	  (0.4)	   8.9	  (0.5)	   9.0	  (0.4)	   9.0	  (0.4)	  
	   	   	   	   	   	   	   	   	   	   	  






Incidence	  proportion	  of	  small	  for	  gestational	  age	  (SGA)	  for	  additional	  individual	  characteristics	  according	  to	  race/ethnicity,	  New	  
York	  City:	  2003-­‐2007.	  a	  	  (N=460,683);	  total	  number	  of	  United	  Hospital	  Fund	  neighborhoods=42)	  
	   SGA	  




American	   Cuban	  
Other	  
Hispanic	   Black	   White	   Total	  
Health	  insurance	  *	   	   	   	   	   	   	   	   	   	   	  
No	   16.9	  (858)	  c	   13.4	  (792)	  c	   12.6	  (753)	  c	   8.4	  (406)	  c	   10.6	  (255)	  c	   10.5	  (19)	  c	   21.4	  (117)	  b	   18.1	  (2735)	  b	   10.7	  (3501)	  c	   13.8	  (9436)	  
Yes	   14.0	  (45216)	   11.4	  (45609)	   10.3	  (37536)	   8.6	  (27207)	   11.4	  (12588)	   9.4	  (1060)	   11.8	  (11758)	   15.9	  (127791)	   9.5	  (142027)	   12.1	  (450792)	  
Prenatal	  care	   	   	   	   	   	   	   	   	   	   	  
Adequate	   13.9	  (44329)	  b	   11.4	  (44756)	   10.2	  (36796)	  b	   8.5	  (26532)	  b	   11.3	  (12308)	  c	   9.2	  (1059)	  b	   11.8	  (11434)	  c	   15.9	  (122221)	   9.5	  (143053)	   12.0	  (442488)	  
Intermediate	  	   16.4	  (836)	   10.8	  (936)	   13.9	  (769)	   12.0	  (575)	   11.7	  (283)	   0.0	  (5)	   13.8	  (217)	   15.8	  (3956)	   12.2	  (1299)	   14.2	  (8876)	  
Inadequate	   20.0	  (636)	   13.6	  (611)	   11.9	  (488)	   12.2	  (377)	   17.7	  (209)	   20.0	  (10)	   16.7	  (138)	   17.5	  (3229)	   13.3	  (1009)	   16	  .0	  (6707)	  
None	  	   19.9	  (312)	   21.7	  (120)	   11.6	  (250)	   11.9	  (151)	   6.9	  (72)	   60.0	  (5)	   20.9	  (91)	   21.9	  (1371)	   15.0	  (240)	   19.1	  (2612)	  
Maternal	  weight	  gain	   	   	   	   	   	   	   	   	   	   	  
≤40	  pounds	   15.4	  (34968)	   12.4	  (35120)	   9.7	  (34291)	   9.1	  (23208)	   12.2	  (10553)	   10.1	  (800)	  c	   12.6	  (9492)	   17.1	  (102764)	   10.3	  (120742)	   12.9	  (371938)	  
>40	  pounds	   9.4	  (10548)	   8.0	  (10713)	   6.6	  (3515)	   5.6	  (4087)	   7.3	  (2104)	   7.9	  (264)	   8.8	  (2245)	   11.0	  (24683)	   5.5	  (23218)	   8.2	  (81377)	  
Maternal	  anemia	   	   	   	   	   	   	   	   	   	   	  
No	   14.0	  (45105)	  c	   11.4	  (45652)	  c	   10.3	  (37541)	  c	   8.7	  (27293)	  c	   11.3	  (12665)	  c	   9.6	  (1066)	  c	   12.0	  (11707)	  c	   16.0	  (127066)	  c	   9.5	  (144417)	  c	   12.1	  (452512)	  
Yes	   13.0	  (1008)	   10.4	  (771)	   9.4	  (762)	   6.7	  (342)	   15.0	  (207)	   0.0	  (13)	   8.7	  (173)	   16.6	  (3711)	   8.8	  (1184)	   13.1	  (8171)	  
Gestational/chronic	  diabetes	   	   	   	   	   	   	   	   	   	  
No	   14.3	  (44353)	   11.6	  (44475)	   10.5	  (35964)	  b	   8.7	  (26702)	  c	   11.5	  (12286)	  c	   9.6	  (1054)	  c	   12.0	  (11407)	  c	   16.2	  (124994)	   9.6	  (141689)	  b	   12.2	  (442924)	  
Yes	   8.9	  (1760)	   7.8	  (1948)	   8.1	  (2339)	   6.7	  (933)	   8.5	  (586)	   4.0	  (25)	   10.1	  (473)	   10.5	  (5783)	   8.1	  (3912)	   8.9	  (17759)	  
Preeclampsia	  and/or	  eclampsia	   	   	   	   	   	   	   	   	   	  
No	   13.8	  (45064)	   11.1	  (45188)	   9.9	  (36969)	   8.3	  (27019)	   11.0	  (12541)	   9.1	  (1049)	  b	   11.5	  (11539)	   15.5	  (126151)	   9.4	  (143734)	   11.8	  (449254)	  
Yes	   25.1	  (1049)	   24.3	  (1235)	   22.0	  (1334)	   21.9	  (616)	   24.8	  (331)	   23.3	  (30)	   24.9	  (341)	   27.7	  (4626)	   21.2	  (1867)	   24.9	  (11429)	  
Placental	  abruption	   	   	   	   	   	   	   	   	   	   	  
No	   14.0	  (45817)	  b	   11.4	  (46131)	  c	   10.3	  (38114)	  b	   8.6	  (27492)	  c	   11.4	  (12811)	  c	   9.4	  (1071)	  c	   11.9	  (11822)	  c	   15.9	  (129728)	   9.5	  (144806)	   12.1	  (457792)	  
Yes	   19.3	  (296)	   13.0	  (292)	   16.9	  (189)	   12.6	  (143)	   16.4	  (61)	   12.5	  (8)	   22.4	  (58)	   21.3	  (1049)	   14.6	  	  (795)	   17.6	  (2891)	  
Placenta	  previa	   	   	   	   	   	   	   	   	   	   	  
No	   14.0	  (45916)	  c	   11.4	  (46226)	  c	   10.3	  (38174)	  c	   8.6	  (27477)	  c	   11.3	  (12828)	  b	   9.4	  (1073)	  c	   11.9	  (11852)	  c	   16.0	  (130191)	  c	   9.5	  (144974)	  c	   12.1	  (458711)	  
Yes	   16.2	  (197)	   11.7	  (197)	   7.7	  (129)	   12.0	  (158)	   27.3	  (44)	   16.7	  (6)	   21.4	  (28)	   15.5	  (586)	   11.3	  (627)	   13.4	  (1972)	  
	   	   	   	   	   	   	   	   	   	   	  
a	  All	  chi-­‐square	  or	  t-­‐tests	  were	  significant	  at	  the	  P	  <	  0.0001	  level	  unless	  otherwise	  noted.	  	  *	  The	  n	  is	  the	  total	  population	  used	  as	  the	  denominator	  when	  calculating	  the	  incidence	  
for	  each	  cell.	  	  b	  Significant	  at	  P	  <	  0.01.	  	  	  	  c	  Not	  statistically	  significant.	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Overall,	  across	  both	  nativity	  strata,	  SGA	  incidence	  was	  greatest	  among	  women	  who	  reported	  using	  
alcohol	  and	  tobacco	  during	  pregnancy	  (19.3%	  and	  23.0%,	  14.7%	  and	  17.8%,	  U.S.-­‐born	  and	  foreign-­‐
born	  women,	  respectively.	  	  Within	  both	  U.S.-­‐	  and	  foreign-­‐born	  strata,	  black	  and	  Puerto	  Rican	  
women	  exhibited	  the	  highest	  SGA	  incidence	  of	  (17.5%	  and	  14.1%,	  14.2%	  and	  17.8%,	  respectively),	  
while	  South	  American,	  Cuban	  and	  white	  women	  demonstrated	  the	  lowest	  incidence	  (9.2%,	  10.7%,	  
9.5%	  and	  8.5%,	  4.7%,	  9.6%	  respectively),	  among	  all	  race/ethnic	  groups.	  
	  
Among	  U.S.-­‐born	  women	  overall,	  SGA	  incidence	  was	  significantly	  greater	  among	  those	  who	  were	  
younger,	  had	  less	  than	  12	  years	  of	  education,	  unmarried,	  received	  public	  assistance,	  used	  alcohol	  or	  
tobacco	  during	  pregnancy,	  were	  primiparous,	  were	  uninsured,	  received	  no	  prenatal	  care,	  or	  
suffered	  from	  anemia,	  diabetes,	  eclampsia	  or	  preeclampsia,	  or	  placental	  abruption	  (p<0.0001).	  	  For	  
white	  and	  Cuban	  women,	  incidence	  was	  highest	  among	  those	  who	  smoked	  while	  pregnant	  (17.5%	  
and	  28.6%,	  respectively)	  and	  those	  with	  less	  than	  a	  high	  school	  education	  (11.6%	  and	  18.4%,	  
respectively).	  	  Among	  black,	  Puerto	  Rican,	  Dominican	  and	  Central	  American	  women,	  SGA	  incidence	  
was	  greatest	  for	  those	  who	  used	  alcohol	  (26.8%,	  20.3%,	  20.0%	  and	  25.0%,	  respectively)	  or	  tobacco	  
(26.9%,	  20.7%,	  18.2%	  and	  17.4%,	  respectively)	  during	  pregnancy.	  	  Unmarried	  Mexican	  women	  
(15.5%)	  and	  primiparous	  South	  American	  women	  (10.6%)	  as	  well	  as	  both	  Mexican	  and	  South	  
American	  women	  with	  the	  fewest	  years	  of	  education	  (15.9%	  and	  10.3,	  respectively)	  exhibited	  the	  
greatest	  risk	  of	  SGA	  within	  their	  subgroups.	  	  The	  variation	  of	  SGA	  across	  neighborhood	  SE	  score	  
quintiles	  observed	  among	  U.S.-­‐born	  Puerto	  Rican,	  black	  and	  white	  women	  was	  similar	  to	  the	  
findings	  of	  the	  aggregated	  analysis,	  but	  among	  the	  U.S.-­‐born	  sample	  of	  women	  was	  not	  statistically	  
significant	  for	  Dominicans,	  Mexicans,	  South	  Americans,	  Central	  Americans,	  or	  Cubans.	  	  	  
	  
As	  with	  their	  U.S.-­‐born	  counterparts,	  SGA	  was	  higher	  among	  foreign-­‐born	  women	  who	  were	  
younger,	  unmarried,	  received	  public	  assistance,	  used	  alcohol	  or	  tobacco	  during	  pregnancy,	  were	  
primiparous,	  or	  suffered	  from	  diabetes,	  eclampsia	  or	  preeclampsia,	  or	  placental	  abruption	  
(p<0.0001).	  SGA	  was	  also	  greater	  among	  foreign-­‐born	  women	  who	  received	  in	  inadequate	  prenatal	  
care.	  	  Within	  their	  subgroups,	  white	  women	  and	  Cuban	  women	  with	  the	  least	  education	  (11.4	  and	  
5.9,	  respectively)	  exhibited	  greater	  incidence	  of	  SGA,	  as	  did	  primiparous	  white	  women	  (11.2%)	  and	  
married	  Cuban	  women	  (6.7%.)	  	  Among	  black,	  Puerto	  Rican,	  and	  Dominican	  women,	  SGA	  incidence	  
was	  highest	  for	  those	  who	  used	  alcohol	  (20.9%,	  28.6%	  and	  15.4%)	  or	  tobacco	  (23.5%,	  23.6%,	  %17.3)	  
during	  pregnancy.	  	  The	  greatest	  incidence	  of	  SGA	  among	  Mexicans,	  South	  Americans	  and	  Central	  
Americans	  was	  observed	  in	  primiparous	  women	  (13.3%,	  11.1%,	  14.6%,	  respectively),	  as	  well	  as	  in	  
younger	  Mexican	  women	  (11.0%),	  South	  American	  women	  who	  used	  alcohol	  while	  pregnant	  
(20.0%)	  and	  Central	  American	  women	  who	  used	  tobacco	  while	  pregnant	  (17.6%).	  	  The	  risk	  of	  SGA	  
varied	  by	  neighborhood	  SE	  score	  among	  certain	  groups	  of	  foreign-­‐born	  women.	  	  In	  the	  case	  of	  
Central	  American	  women,	  SGA	  incidence	  exhibited	  an	  inverse	  relationship	  with	  neighborhood	  
disadvantage	  and	  progressively	  decreased	  as	  the	  SE	  score	  increased.	  	  Among	  black	  women,	  the	  
incidence	  of	  SGA	  peaked	  at	  quintiles	  1,	  3	  and	  5,	  following	  the	  pattern	  observed	  in	  their	  U.S.-­‐born	  
counterparts.	  	  There	  was	  no	  significant	  variation	  of	  SGA	  across	  SE	  score	  quintiles	  for	  Puerto	  Rican,	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  9A:	  SGA	  /	  U.S.-­‐born	  




Cuban	   Other	  
Hispanic	  
Black	   White	   Total	  
Overall	  *	   14.1	  (37917)	   12.7	  (10489)	   13.4	  (1709)	   9.2	  (3488)	   13.1	  (1734)	   10.7	  (847)	   13.1	  (7031)	   17.5	  (70496)	   9.5	  (97533)	   13.0	  (231244)	  
Maternal	  age	  	   	   	   	   	   	   	   	   	   	   	  
15-­‐28	  years	   14.9	  (26164)	   13.1	  (8257)	  c	   14.0	  (1319)	  c	   9.7	  (2151)	  c	   14.0	  (1250)	  c	   12.8	  (413)	  c	   13.4	  (5136)	  c	   18.0	  (46526)	   11.2	  (33931)	   14.7	  (125147)	  
29-­‐45	  years	   12.5	  (11753)	   11.2	  (2232)	   11.3	  (390)	   8.5	  (1337)	   10.7	  (484)	   8.8	  (434)	   12.1	  (1895)	   16.5	  (23970)	   8.6	  (63602)	   10.9	  (106097)	  
Education	   	   	   	   	   	   	   	   	   	   	  
<12	  years	   16.4	  (13873)	   14.0	  (2600)	  c	   15.9	  (715)	  c	   10.3	  (533)	  c	   16.6	  (355)	  c	   18.4	  (147)	  b	   16.1	  (2416)	   20.7	  (18550)	   11.6	  (5322)	   17.4	  (44511)	  
=12	  years	   13.8	  (11048)	   13.2	  (2774)	   11.4	  (422)	   10.3	  (740)	   14.4	  (424)	   12.5	  (160)	   12.0	  (2463)	   17.9	  (22720)	   10.2	  (27573)	   13.6	  (68324)	  
13-­‐15	  years	   12.3	  (9345)	   12.3	  (3515)	   13.0	  (285)	   8.9	  (1138)	   11.4	  (613)	   8.9	  (236)	   11.7	  (1469)	   15.8	  (19344)	   9.4	  (14319)	   12.7	  (50264)	  
16+	  years	   11.1	  (3651)	   10.6	  (1600)	   10.4	  (287)	   8.4	  (1077)	   10.8	  (342)	   7.6	  (304)	   9.1	  (683)	   13.7	  (9882)	   8.9	  (50319)	   9.8	  (68145)	  
Marital	  status	   	   	   	   	   	   	   	   	   	   	  
Not	  married	   15.1	  (28326)	   13.2	  (7676)	  c	   15.5	  (1024)	  b	   9.9	  (1770)	  c	   14.1	  (1180)	  c	   14.7	  (416)	  b	   14.2	  (5183)	   18.4	  (56065)	   11.9	  (10779)	   16.2	  (112419)	  
Married	   11.1	  (9591)	   11.5	  (2813)	   10.2	  (685)	   8.5	  (1718)	   10.8	  (554)	   7.0	  (431)	   10.0	  (1848)	   13.8	  (14431)	   9.2	  (86754)	   10.0	  (118825)	  
Public	  assistance	   	   	   	   	   	   	   	   	   	   	  
No	   13.0	  (16258)	   12.3	  (4206)	  c	   12.1	  (626)	  c	   8.8	  (2290)	  c	   10.9	  (868)	  b	   9.3	  (571)	  c	   11.2	  (2237)	  b	   16.1	  (27168)	   9.1	  (80674)	   11.1	  (134898)	  
Yes	   14.9	  (21659)	   13.0	  (6283)	   14.2	  (1083)	   10.0	  (1198)	   15.2	  (866)	   13.8	  (276)	   13.9	  (4794)	   18.4	  (43328)	   11.2	  (16859)	   15.6	  (96346)	  
Alcohol	  use	  in	  pregnancy	   	   	   	   	   	   	   	   	   	  
No	   14.1	  (37848)	  c	   12.7	  (10473)	  c	   13.4	  (1707)	  c	   9.2	  (3485)	  c	   13.1	  (1730)	  c	   10.8	  (846)	  c	   13.0	  (7017)	  c	   17.4	  (70159)	   9.5	  (97288)	  c	   12.9	  (230553)	  
Yes	   20.3	  (64)	   20.0	  (15)	   0.0	  (2)	   0.0	  (3)	   25.0	  (4)	   0.0	  (1)	   25.0	  (12)	   26.8	  (310)	   9.1	  (230)	   19.3	  (641)	  
Tobacco	  use	  in	  pregnancy	   	   	   	   	   	   	   	   	   	  
No	  	   13.8	  (36315)	   12.6	  (10318)	  c	   13.4	  (1705)	  c	   9.2	  (3461)	  c	   13.0	  (1711)	  c	   10.3	  (826)	  c	   12.8	  (6800)	  b	   17.0	  (66857)	   9.4	  (95943)	   12.7	  (223936)	  
Yes	   20.7	  (1597)	   18.2	  (170)	   0.0	  (4)	   7.4	  (27)	   17.4	  (23)	   28.6	  (21)	   21.4	  (229)	   26.9	  (3612)	   17.5	  (1575)	   23.0	  (7258)	  
Maternal	  parity	   	   	   	   	   	   	   	   	   	   	  
Primiparous	   16.3	  (17148)	   15.3	  (5983)	   15.1	  (1049)	  c	   10.6	  (2028)	  b	   14.8	  (997)	  c	   11.3	  (467)	  c	   14.6	  (3368)	  b	   19.6	  (32619)	   11.5	  (47401)	   14.9	  (111060)	  
Multiparous	   12.2	  (19366)	   9.3	  (4140)	   11.0	  (616)	   7.7	  (1279)	   10.8	  (684)	   9.7	  (339)	   11.5	  (3471)	   15.6	  (34465)	   7.5	  (45782)	   11.1	  (110142)	  
Health	  Insurance	   	   	   	   	   	   	   	   	   	   	  
No	   16.7	  (699)	  c	   10.9	  (156)	  c	   20.0	  (30)	  c	   5.2	  (58)	  c	   12.1	  (33)	  c	   11.1	  (18)	  c	   25.6	  (82)	  b	   20.4	  (1295)	  c	   10.9	  (1518)	  c	   15.4	  (3889)	  
Yes	   14.1	  (37188)	   12.7	  (10326)	   13.3	  (1679)	   9.3	  (3429)	   13.1	  (1697)	   10.7	  (829)	   12.9	  (6946)	   17.4	  (69097)	   9.5	  (95972)	   12.9	  (227163)	  
	   	   	   	   	   	   	   	   	   	   	  
	  





	   	   	   	   	   	   	   	   	   	   	  
Prenatal	  care	   	   	   	   	   	   	   	   	   	   	  
Adequate	   13.9	  (36439)	   12.5	  (10195)	   13.5	  (1636)	  c	   9.2	  (3419)	  c	   13.0	  (1680)	  c	   10.3	  (831)	  c	   12.9	  (6709)	  c	   17.3	  (66236)	   9.4	  (96411)	   12.8	  (223556)	  
Intermediate	  	   17.0	  (690)	   14.4	  (194)	   10.3	  (39)	   5.0	  (40)	   9.1	  (33)	   0.0	  (5)	   12.4	  (129)	   18.6	  (1802)	   12.4	  (623)	   16.4	  (3535)	  
Inadequate	   20.8	  (519)	   23.7	  (93)	   9.1	  (22)	   15.0	  (20)	   62.5	  (8)	   28.6	  (7)	   18.1	  (105)	   19.5	  (1367)	   15.9	  (359)	   19.4	  (2500)	  
None	  	   20.8	  (269)	   44.4	  (27)	   16.7	  (12)	   22.2	  (9)	   7.7	  (13)	   75.0	  (4)	   20.4	  (88)	   23.3	  (1091)	   18.6	  (140)	   22.6	  (1653)	  
Maternal	  weight	  gain	   	   	   	   	   	   	   	   	   	   	  
≤40	  pounds	   15.5	  (28656)	   13.7	  (7669)	   14.4	  (1451)	  b	   10.2	  (2687)	   14.6	  (1334)	  b	   11.4	  (620)	  c	   13.9	  (5416)	   18.8	  (54175)	   10.2	  (81354)	   13.9	  (183362)	  
>40	  pounds	   9.5	  (8760)	   9.8	  (2663)	   8.1	  (248)	   5.5	  (762)	   8.24	  (376)	   9.3	  (216)	   9.8	  (1507)	   12.2	  (14613)	   5.5	  (15112)	   9.0	  (44257)	  
Maternal	  anemia	   	   	   	   	   	   	   	   	   	   	  
No	   14.1	  (37114)	  c	   12.7	  (10314)	  c	   13.4	  (1668)	  c	   9.2	  (3441)	  c	   13.1	  (1692)	  c	   10.8	  (839)	  c	   13.1	  (6899)	  c	   17.5	  (68043)	  c	   9.5	  (96692)	  c	   12.9	  (226702)	  b	  
Yes	   13.1	  (803)	   10.9	  (175)	   12.2	  (41)	   12.8	  (47)	   14.3	  (42)	   0.0	  (8)	   9.8	  (132)	   17.4	  (2453)	   8.6	  (841)	   14.4	  (4542)	  
Gestational/chronic	  diabetes	   	   	   	   	   	   	   	   	   	  
No	   14.3	  (36534)	   12.8	  (10213)	  c	   13.8	  (1654)	  c	   9.4	  (3389)	  c	   13.2	  (1673)	  c	   11.0	  (830)	  c	   13.2	  (6753)	  c	   17.7	  (67976)	   9.5	  (95138)	  b	   13.1	  (224160)	  
Yes	   8.3	  (1383)	   9.8	  (276)	   1.8	  (55)	   2.0	  (99)	   9.8	  (61)	   0.0	  (17)	   10.4	  (278)	   12.4	  (2520)	   7.8	  (2395)	   9.6	  (7084)	  
Preeclampsia	  and/or	  eclampsia	   	   	   	   	   	   	   	   	   	  
No	   13.9	  (37051)	   12.5	  (10220)	   12.9	  (1649)	  b	   9.1	  (3421)	  c	   12.7	  (1680)	  c	   10.5	  (829)	  c	   12.7	  (6809)	   17.0	  (67878)	   9.4	  (96219)	   12.7	  (225756)	  
Yes	   25.1	  (866)	   21.6	  (269)	   26.7	  (60)	   16.4	  (67)	   24.1	  (54)	   22.2	  (18)	   24.3	  (222)	   29.5	  (2618)	   19.7	  (1314)	   25.6	  (5488)	  
Placental	  abruption	   	   	   	   	   	   	   	   	   	   	  
No	   14.1	  (37677)	  c	   12.7	  (10414)	  c	   13.3	  (1703)	  c	   9.2	  (3463)	  c	   13.1	  (1723)	  c	   10.7	  (840)	  c	   13.0	  (6991)	  c	   17.4	  (69851)	   9.5	  (96969)	   12.9	  (229631)	  
Yes	   19.6	  (240)	   14.7	  (75)	   33.3	  (6)	   12.0	  (25)	   18.2	  (11)	   14.3	  (7)	   22.5	  (40)	   23.9	  (645)	   14.5	  (564)	   19.3	  (1613)	  
Placenta	  previa	   	   	   	   	   	   	   	   	   	   	  
No	   14.1	  (37765)	  c	   12.7	  (10452)	  c	   13.4	  (1704)	  c	   9.2	  (3475)	  c	   13.0	  (1728)	  c	   10.7	  (842)	  c	   13.0	  (7014)	  c	   17.5	  (70199)	  c	   9.5	  (97108)	  c	   13.0	  (230287)	  c	  
Yes	   17.8	  (152)	   5.4	  (37)	   0.0	  (5)	   23.1	  (13)	   33.3	  (6)	   20.0	  (5)	   23.5	  (17)	   19.9	  (297)	   10.8	  (425)	   15.0	  (957)	  
Neighborhood	  SE	  score	   	   	   	   	   	   	   	   	   	  
Quintile	  1	  (lowest)	   15.2	  (17288)	   13.0	  (6040)	  c	   14.3	  (600)	  c	   9.2	  (653)	  c	   15.9	  (533)	  c	   13.1	  (236)	  c	   13.9	  (2409)	  c	   18.4	  (22713)	  b	   9.9	  (4947)	   15.7	  (55419)	  
Quintile	  2	   14.3	  (7937)	   13.7	  (1841)	   14.3	  (392)	   8.8	  (929)	   13.7	  (453)	   12.7	  (134)	   13.9	  (1898)	   17.2	  (23066)	   10.2	  (14700)	   14.3	  (51350)	  
Quintile	  3	   12.9	  (4664)	   12.0	  (915)	   11.5	  (253)	   9.7	  (728)	   13.0	  (338)	   14.8	  (108)	   12.4	  (1019)	   17.0	  (12071)	   10.0	  (20521)	   12.6	  (40617)	  
Quintile	  4	   11.8	  (3318)	   10.6	  (432)	   16.9	  (154)	   8.0	  (400)	   9.0	  (210)	   4.6	  (86)	   11.5	  (901)	   16.9	  (7656)	   9.1	  (13186)	   11.8	  (26343)	  
Quintile	  5	  (highest)	   12.6	  (4710)	   11.3	  (1261)	   10.3	  (310)	   9.9	  (778)	   8.5	  (200)	   8.1	  (283)	   11.1	  (804)	   16.8	  (4990)	   9.1	  (44179)	   10.1	  (57515)	  
	   	   	   	   	   	   	   	   	   	   	  
a	  All	  chi-­‐square	  or	  t-­‐tests	  were	  significant	  at	  the	  P	  <	  0.0001	  level	  unless	  otherwise	  noted.	  	  	  




Appendix	  9B:	  SGA	  /	  Foreign-­‐born	  




American	   Cuban	  
Other	  
Hispanic	   Black	   White	   Total	  
Overall	  *	   13.6	  (8196)	   11.0	  (35934)	   10.2	  (36594)	   8.5	  (24147)	   11.1	  (11138)	   4.7	  (232)	   10.3	  (4849)	   14.2	  (60281)	   9.6	  (48068)	   11.2	  (229439)	  
Maternal	  age	  	   	   	   	   	   	   	   	   	   	   	  
15-­‐28	  years	   14.0	  (5003)	  c	   11.8	  (20040)	   11.0	  (25164)	   9.3	  (12019)	   11.9	  (6239)	  b	   4.3	  (69)	  c	   11.6	  (2664)	  b	   16.0	  (25941)	   10.5	  (19008)	   12.1	  (116147)	  
29-­‐45	  years	   13.0	  (3139)	   10.1	  (15894)	   8.6	  (11430)	   7.8	  (12128)	   10.2	  (4899)	   4.9	  (163)	   8.6	  (2185)	   12.9	  (34340)	   9.0	  (29060)	   10.3	  (113292)	  
Education	   	   	   	   	   	   	   	   	   	   	  
<12	  years	   14.9	  (3316)	  c	   11.8	  (9388)	  c	   10.4	  (23455)	  c	   8.9	  (7565)	  c	   11.3	  (4749)	  c	   5.9	  (17)	  c	   11.7	  (1826)	  c	   16.6	  (10381)	   11.4	  (3881)	  b	   11.8	  (64578)	  
=12	  years	   13.5	  (2451)	   10.6	  (13868)	   9.6	  (11220)	   8.1	  (8586)	   11.4	  (3853)	   3.0	  (67)	   9.3	  (1671)	   14.3	  (23487)	   9.7	  (12888)	   11.2	  (78091)	  
13-­‐15	  years	   12.4	  (1675)	   10.8	  (8114)	   10.0	  (1166)	   8.6	  (4397)	   10.6	  (1616)	   5.6	  (54)	   10.5	  (673)	   13.6	  (14829)	   9.0	  (9119)	   11.2	  (41643)	  
16+	  years	   10.9	  (754)	   11.0	  (4564)	   10.1	  (753)	   8.7	  (3599)	   10.3	  (920)	   5.3	  (94)	   8.7	  (679)	   12.8	  (11584)	   9.4	  (22180)	   10.4	  (45127)	  
Marital	  status	   	   	   	   	   	   	   	   	   	   	  
Not	  married	   14.6	  (5972)	   11.5	  (23384)	   10.5	  (27064)	  b	   8.8	  (12836)	  c	   11.7	  (7189)	  b	   2.0	  (98)	  c	   11.2	  (2739)	  c	   14.8	  (33879)	   10.6	  (7085)	  b	   12.0	  (120246)	  
Married	   10.9	  (2224)	   10.1	  (12550)	   9.4	  (9530)	   8.3	  (11311)	   10.1	  (3949)	   6.7	  (134)	   9.0	  (2110)	   13.4	  (26402)	   9.4	  (40983)	   10.4	  (109193)	  
Public	  assistance	   	   	   	   	   	   	   	   	   	   	  
No	   12.6	  (2820)	  c	   11.6	  (8769)	  c	   10.9	  (6124)	  c	   9.0	  (8579)	  c	   10.3	  (2734)	  c	   5.8	  (156)	  c	   9.9	  (1299)	  c	   13.9	  (19787)	  c	   9.3	  (32606)	  b	   10.9	  (82874)	  
Yes	   14.1	  (5376)	   10.9	  (27165)	   10.0	  (30470)	   8.3	  (15568)	   11.4	  (8404)	   2.6	  (76)	   10.4	  (3550)	   14.4	  (40494)	   10.1	  (15462)	   11.4	  (146565)	  
Alcohol	  use	  in	  pregnancy	   	   	   	   	   	   	   	   	   	  
No	   13.6	  (8180)	  c	   11.0	  (35905)	  c	   10.2	  (36580)	  c	   8.5	  (24128)	  c	   11.1	  (11126)	  c	   4.7	  (232)	  c	   10.3	  (4845)	  c	   14.2	  (60215)	  c	   9.6	  (47993)	  c	   11.2	  (229204)	  c	  
Yes	   28.6	  (14)	   15.4	  (26)	   0.0	  (10)	   20.0	  (15)	   12.5	  (8)	   0.0	  (0)	   25.0	  (4)	   20.9	  (43)	   8.4	  (71)	   14.7	  (191)	  
Tobacco	  use	  in	  pregnancy	   	   	   	   	   	   	   	   	   	  
No	  	   13.2	  (7876)	   11.0	  (35711)	  b	   10.2	  (36552)	  c	   8.6	  (24085)	  c	   11.1	  (11100)	  c	   4.8	  (230)	  c	   10.2	  (4819)	  c	   14.2	  (59943)	   9.5	  (47650)	  c	   11.2	  (227966)	  
Yes	   23.6	  (318)	   17.3	  (220)	   10.5	  (38)	   6.9	  (58)	   17.6	  (34)	   0.0	  (2)	   23.3	  (30)	   23.5	  (315)	   11.4	  (414)	   17.8	  (1429)	  
Maternal	  parity	   	   	   	   	   	   	   	   	   	   	  
Primiparous	   16.0	  (2860)	   14.1	  (13908)	   13.3	  (13284)	   11.1	  (10176)	   14.6	  (4268)	   5.7	  (123)	  c	   13.0	  (1857)	   17.2	  (24562)	   11.2	  (23963)	   13.8	  (95001)	  
Multiparous	   12.2	  (5028)	   9.1	  (20575)	   8.3	  (22262)	   6.6	  (12835)	   8.9	  (6445)	   4.0	  (99)	   8.6	  (2861)	   12.1	  (32949)	   7.8	  (21204)	   9.4	  (124258)	  
Health	  insurance	  	   	   	   	   	   	   	   	   	   	   	  
No	   17.6	  (159)	  c	   14.0	  (636)	  c	   12.3	  (723)	  c	   8.9	  (348)	  c	   9.9	  (222)	  c	   0.0	  (1)	  c	   11.4	  (35)	  c	   16.0	  (1440)	  c	   10.6	  (1983)	  c	   12.7	  (5547)	  b	  
Yes	   13.5	  (8028)	   11.0	  (35283)	   10.1	  (35857)	   8.5	  (23778)	   11.2	  (10891)	   4.8	  (231)	   10.3	  (4812)	   14.2	  (58697)	   9.5	  (46055)	   11.2	  (223629)	  
	   	   	   	   	   	   	   	   	   	   	  
	  




	   	   	   	   	   	   	   	   	   	   	  
Prenatal	  care	   	   	   	   	   	   	   	   	   	   	  
Adequate	   13.6	  (7890)	  c	   11.0	  (34561)	  c	   10.1	  (35160)	  b	   8.4	  (23113)	  b	   11.1	  (10628)	  c	   4.8	  (228)	  c	   10.1	  (4725)	  c	   14.2	  (55985)	  c	   9.5	  (46642)	  c	   11.1	  (218932)	  
Intermediate	  	   13.7	  (146)	   10.0	  (762)	   14.1	  (730)	   12.5	  (535)	   12.0	  (250)	   0.0	  (0)	   15.9	  (88)	   13.5	  (2154)	   12.1	  (676)	   12.8	  (5341)	  
Inadequate	   16.2	  (117)	   11.8	  (518)	   12.0	  (466)	   12.0	  (357)	   15.9	  (201)	   0.0	  (3)	   12.1	  (33)	   16.1	  (1862)	   11.8	  (650)	   14.1	  (4207)	  
None	  	   13.9	  (43)	   15.0	  (93)	   11.3	  (238)	   11.3	  (142)	   6.8	  (59)	   0.0	  (1)	   33.3	  (3)	   16.4	  (280)	   10.0	  (100)	   12.9	  (959)	  
Maternal	  weight	  gain	   	   	   	   	   	   	   	   	   	   	  
≤40	  pounds	   14.9	  (6312)	   12.1	  (27451)	   10.5	  (32840)	   9.0	  (20521)	   11.9	  (9219)	   5.6	  (180)	  c	   10.9	  (4076)	  b	   15.2	  (48589)	   10.4	  (39388)	   12.0	  (188576)	  
>40	  pounds	   8.7	  (1788)	   7.44	  (8050)	   6.5	  (3267)	   5.7	  (3325)	   7.12	  (1728)	   2.1	  (48)	   6.8	  (738)	   9.4	  (10070)	   5.4	  (8106)	   7.3	  (37120)	  
Maternal	  anemia	   	   	   	   	   	   	   	   	   	   	  
No	   13.6	  (7991)	  c	   11.1	  (35338)	  c	   10.2	  (35873)	  c	   8.6	  (23852)	  c	   11.1	  (10973)	  c	   4.8	  (227)	  c	   10.3	  (4808)	  c	   14.2	  (59023)	  c	   10.0	  (47725)	  c	   11.2	  (225810)	  c	  
Yes	   12.7	  (205)	   10.2	  (596)	   9.3	  (721)	   5.8	  (295)	   15.1	  (165)	   0.0	  (5)	   4.9	  (41)	   14.9	  (1258)	   9.3	  (343)	   11.5	  (3629)	  
Gestational/chronic	  diabetes	   	   	   	   	   	   	   	   	   	  
No	   13.7	  (7819)	  c	   11.2	  (34262)	   10.3	  (34310)	  b	   8.6	  (233123)	  c	   11.3	  (10613)	  c	   4.5	  (224)	  c	   10.3	  (4654)	  c	   14.5	  (57018)	   9.6	  (46551)	  c	   11.4	  (218764)	  
Yes	   11.1	  (377)	   7.5	  (1672)	   8.2	  (2284)	   7.3	  (834)	   8.4	  (525)	   12.5	  (8)	   9.7	  (195)	   9.1	  (3263)	   8.6	  (1517)	   8.5	  (10675)	  
Preeclampsia	  and/or	  eclampsia	   	   	   	   	   	   	   	   	   	  
No	   13.3	  (8013)	   10.7	  (34968)	   9.8	  (35320)	   8.2	  (23598)	   10.8	  (10861)	   3.6	  (220)	  c	   9.9	  (4730)	   13.8	  (58273)	   9.4	  (47515)	   10.9	  (223489)	  
Yes	   25.1	  (183)	   25.0	  (966)	   21.7	  (1274)	   22.6	  (549)	   24.9	  (277)	   25.0	  (12)	   26.0	  (119)	   25.3	  (2008)	   24.6	  (553)	   24.2	  (5941)	  
Placental	  abruption	   	   	   	   	   	   	   	   	   	   	  
No	   13.6	  (8140)	  c	   11.0	  (35717)	  c	   10.1	  (36411)	  b	   8.5	  (24029)	  c	   11.1	  (11088)	  c	   4.8	  (231)	  c	   10.2	  (4831)	  c	   14.2	  (59877)	  c	   9.5	  (47837)	  b	   11.2	  (228161)	  
Yes	   17.9	  (56)	   12.4	  (217)	   16.4	  (183)	   12.7	  (118)	   16.0	  (50)	   0.0	  (1)	   22.2	  (18)	   17.3	  (404)	   14.7	  (231)	   15.5	  (1278)	  
Placenta	  previa	   	   	   	   	   	   	   	   	   	   	  
No	   13.6	  (8151)	  c	   11.0	  (35774)	  c	   10.2	  (36470)	  c	   8.5	  (24002)	  c	   11.1	  (11100)	  c	   4.8	  (231)	  c	   10.2	  (4838)	  c	   14.2	  (59992)	  c	   9.5	  (47866)	  c	   11.2	  (228424)	  c	  
Yes	   11.1	  (45)	   13.1	  (160)	   8.1	  (124)	   11.0	  (145)	   26.3	  (38)	   0.0	  (1)	   18.2	  (11)	   11.1	  (289)	   12.4	  (202)	   11.9	  (1015)	  
Neighborhood	  SE	  score	   	   	   	   	   	   	   	   	   	  
Quintile	  1	  (lowest)	   14.4	  (4615)	  c	   11.0	  (24104)	  c	   10.6	  (12099)	  c	   8.6	  (4420)	  c	   12.3	  (3651)	   2.6	  (76)	  c	   11.8	  (1279)	  c	   14.8	  (14165)	   10.1	  (2131)	  c	   11.9	  (66540)	  
Quintile	  2	   13.4	  (1558)	   11.5	  (5842)	   9.6	  (12973)	   8.5	  (10500)	   11.4	  (2463)	   1.9	  (53)	   10.5	  (1716)	   13.6	  (22870)	   9.2	  (7112)	   11.1	  (65087)	  
Quintile	  3	   12.4	  (820)	   10.9	  (2510)	   10.2	  (5760)	   9.0	  (4287)	   11.3	  (2982)	   16.7	  (30)	   9.5	  (558)	   16.0	  (12692)	   10.0	  (10227)	   12.0	  (39866)	  
Quintile	  4	   10.0	  (501)	   10.6	  (1081)	   10.6	  (3644)	   8.1	  (2266)	   10.5	  (1018)	   0.0	  (15)	   7.0	  (397)	   12.2	  (8926)	   9.7	  (14548)	   10.4	  (32396)	  
Quintile	  5	  (highest)	   13.0	  (702)	   10.5	  (2397)	   10.7	  (2118)	   8.2	  (2674)	   6.6	  (1024)	   5.2	  (58)	   9.4	  (899)	   13.8	  (1628)	   9.2	  (14050)	   9.6	  (25550)	  
	   	   	   	   	   	   	   	   	   	   	  
a	  All	  chi-­‐square	  or	  t-­‐tests	  were	  significant	  at	  the	  P	  <	  0.0001	  level	  unless	  otherwise	  noted.	  	  	  	  
*	  The	  n	  is	  the	  total	  population	  used	  as	  the	  denominator	  when	  calculating	  the	  incidence	  for	  each	  cell.	  	  	  	  
b	  Significant	  at	  P	  <	  0.01.	  	  	  c	  Not	  statistically	  significant.	  







Additional	  individual	  characteristics	  according	  to	  race/ethnicity,	  New	  York	  City:	  2003-­‐2007.a	  	  	  	  
(N=460881;	  total	  number	  of	  United	  Hospital	  Fund	  Neighborhoods=42)	  
	  
a	  All	  chi-­‐square	  or	  t-­‐tests	  were	  significant	  at	  the	  P	  <	  0.0001	  level.	  




Cuban	   Other	  
Hispanic	  
Black	   White	   Total	  
	  
Pregnancy/birth	  characteristics	   	   	   	   	   	   	   	   	   	  
Adequate	  prenatal	  care	  (%)	   96.1	   96.4	   96.1	   96.0	   95.6	   98.1	   96.2	   93.4	   98.2	   96.0	  
Maternal	  anemia	  (%)	   2.2	   1.7	   2.0	   1.2	   1.6	   1.2	   1.5	   2.8	   0.8	   1.8	  
Chronic	  and/or	  gestational	  
diabetes	  (%)	   3.8	   4.2	   6.1	   3.4	   4.6	   2.3	   4.0	   4.4	   2.7	   3.9	  
Preeclampsia	  and/or	  
eclampsia	  (%)	  
2.3	   2.7	   3.5	   2.2	   2.6	   2.8	   2.9	   3.5	   1.3	   2.5	  
Placental	  abruption	  (%)	   0.6	   0.6	   0.5	   0.5	   0.5	   0.7	   0.5	   0.8	   0.5	   0.6	  
Placenta	  previa	  (%)	   0.4	   0.4	   0.3	   0.6	   0.3	   0.6	   0.2	   0.4	   0.4	   0.4	  
Mean	  Apgar	  score	  at	  five	  
minutes	  (SD)	  
9.0	  (0.5)	   9.0	  (0.5)	   9.0	  (0.4)	   9.0	  (0.4)	   9.0	  (0.5)	   9.0	  (0.5)	   9.0	  (0.4)	   8.9	  (0.5)	   9.0	  (0.4)	   9.0	  (0.4)	  
	   	   	   	   	   	   	   	   	   	   	  




APPENDIX	  11.	  	  SGA	  prevalence	  by	  years	  of	  educational	  attainment,	  according	  to	  race/ethnicity	  and	  nativity,	  New	  York	  City:	  2003-­‐
2007	  *.	  
	  	  
Race/ethnicity/nativity	   <	  12years	   =	  12	  years	   13-­‐15	  years	   16+	  years	  
White	   	   	   	   	  
U.S.-­‐born	   11.6	  (5322)	  a	   10.2	  (27573)	   9.4	  (14319)	   8.9	  (50319)	  
Foreign-­‐born	   11.4	  (3881)	  b	   9.7	  (12888)	   9.0	  (9119)	   9.4	  (22180)	  
Black	   	   	   	   	  
U.S.-­‐born	   20.7	  (18550)	  a	   17.9	  (22720)	   15.8	  (19344)	   13.7	  (9882)	  
Foreign-­‐born	   16.6	  (10381)	  a	   14.3	  (23487)	   13.6	  (14829)	   12.7	  (11584)	  
Puerto	  Rican	  	   	   	   	   	  
U.S.-­‐born	   16.4	  (13873)	  a	   13.7	  (11048)	   12.3	  (9345)	   11.1	  (3651)	  
Foreign-­‐born	   14.9	  (3316)	  c	   13.5	  (2451)	   12.3	  (1675)	   10.9	  (754)	  
Dominican	   	   	   	   	  
U.S.-­‐born	   14.0	  (2600)	   13.1	  (2774)	   12.3	  (3515)	   10.6	  (1600)	  
Foreign-­‐born	   11.8	  (9388)	   10.6	  (13868)	   10.8	  (8114)	   11.0	  (4564)	  
Mexican	   	   	   	   	  
U.S.-­‐born	   15.9	  (715)	   11.4	  (422)	   13.0	  (285)	   10.4	  (287)	  
Foreign-­‐born	   10.4	  (23455)	   9.6	  (11220)	   10.0	  (1166)	   10.1	  (753)	  
South	  American	   	   	   	   	  
U.S.-­‐born	   10.3	  (533)	   10.3	  (740)	   8.9	  (1138)	   8.3	  (1077)	  
Foreign-­‐born	   8.9	  (7565)	   8.1	  (8586)	   8.6	  (4397)	   8.7	  (3599)	  
Central	  American	   	   	   	   	  
U.S.-­‐born	   16.6	  (355)	   14.4	  (424)	   11.4	  (613)	   10.8	  (342)	  
Foreign-­‐born	   11.3	  (4749)	   11.4	  (3853)	   10.6	  (1616)	   10.3	  (920)	  
Cuban	   	   	   	   	  
U.S.-­‐born	   18.4	  (147)	  c	   12.5	  (160)	   8.9	  (236)	   7.6	  (304)	  
Foreign-­‐born	   5.9	  (17)	   3.0	  (67)	   5.5	  (54)	   5.3	  (94)	  
	   	   	   	   	  
	  
*	  	  Chi-­‐square	  tests	  were	  not	  statistically	  significant	  (P	  >	  0.01)	  unless	  otherwise	  noted.	  	  	  




APPENDIX	  12.	  	  Neighborhood	  proportion	  of	  Hispanic	  population	  (NPHP)	  among	  mothers	  of	  SGA	  infants,	  according	  to	  
race/ethnicity	  and	  nativity,	  New	  York	  City:	  2003-­‐2007	  *.	  
	  
Race/ethnicity/nativity	   Quartile	  1	   Quartile	  2	   Quartile	  3	   Quartile	  4	  
White	   	   	   	   	  
U.S.-­‐born	   9.4	  (44069)	   9.6	  (26768)	   9.4	  (20308)	   9.6	  (6388)	  
Foreign-­‐born	   10.0	  (19862)	  b	   9.6	  (15311)	   8.4	  (9582)	   9.9	  (3313)	  
Black	   	   	   	   	  
U.S.-­‐born	   16.4	  (16525)	  a	   17.4	  (22318)	   17.1	  (13934)	   18.9	  (17719)	  
Foreign-­‐born	   12.8	  (20748)	  a	   14.8	  (19717)	   14.6	  (8856)	   15.5	  (10960)	  
Puerto	  Rican	  	   	   	   	   	  
U.S.-­‐born	   12.4	  (3084)	  a	   13.3	  (6651)	   13.0	  (10624)	   15.4	  (17558)	  
Foreign-­‐born	   12.9	  (512)	   12.6	  (1170)	   12.5	  (1859)	   14.4	  (4655)	  
Dominican	   	   	   	   	  
U.S.-­‐born	   12.5	  (440)	   12.1	  (1309)	   11.9	  (2252)	   13.1	  (6488)	  
Foreign-­‐born	   11.9	  (952)	   11.1	  (3255)	   10.5	  (6655)	   11.1	  (25072)	  
Mexican	   	   	   	   	  
U.S.-­‐born	   11.8	  (229)	   14.0	  (322)	   11.7	  (392)	   14.5	  (766)	  
Foreign-­‐born	   10.7	  (3286)	   10.2	  (5111)	   9.9	  (9403)	   10.2	  (18794)	  
South	  American	   	   	   	   	  
U.S.-­‐born	   7.2	  (455)	   11.5	  (868)	   8.5	  (1210)	   9.0	  (955)	  
Foreign-­‐born	   9.1	  (1842)	   7.7	  (3802)	   8.8	  (8647)	   8.6	  (9856)	  
Central	  American	   	   	   	   	  
U.S.-­‐born	   11.1	  (315)	   11.9	  (437)	   12.7	  (465)	   15.7(517)	  
Foreign-­‐born	   11.6	  (1546)	  c	   9.5	  (2855)	   11.1	  (2821)	   12.2(3916)	  
Cuban	   	   	   	   	  
U.S.-­‐born	   6.5	  (216)	   13.6	  (198)	   11.1	  (180)	   11.8	  (253)	  
Foreign-­‐born	   5.4	  (37)	   9.7	  (41)	   3.3	  (60)	   3.2	  (94)	  
	   	   	   	   	  
	  
*	  	  Chi-­‐square	  tests	  were	  not	  statistically	  significant	  (P	  >	  0.01)	  unless	  otherwise	  noted.	  	  	  
a	  Statistically	  significant	  at	  P	  <	  0.0001.	  	  b	  Statistically	  significant	  at	  P	  <	  0.001.	  c	  Statistically	  significant	  at	  the	  P	  <	  0.01	  level.	  
	  
